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ABSTRACT
PREPARING ELEMENTARY PRE-SERVICE TEACHERS TO INTEGRATE STEM:
A MIXED-METHODS STUDY
Erin Marie Evans, Ed.D.
Department of Leadership, Educational Psychology, and Foundations
Northern Illinois University, 2015
Elizabeth Wilkins, Director

This mixed-methods study longitudinally examined 12 elementary pre-service teachers’
perceptions, attitudes, confidence, and abilities to integrate STEM into their instruction. In three
phases spanning two semesters, the pre-service teachers from a small, private, Midwestern
university were studied as they completed a combined science and social studies methods course,
during which they designed and implemented an Integrated STEM Unit at a local elementary
school. Phases I and II of this three-phase study took place before the methods course and after
the methods course, while Phase III of this study took place during the final student teaching
semester in order to gain a sense as to the longitudinal retention of the four variables studied
pertaining to STEM integration.
In all three phases of the study quantitative data were collected in the form of two survey
instruments, including the STEM Semantics Survey and the Science Teaching Efficacy Beliefs
Instrument (STEBI-B). Additionally in all three phases, one-on-one interviews were conducted
with the same group of five participants in order to examine the study’s variables from a
qualitative perspective. In Phase II, the solicited Integrated STEM Unit project, which was part
of the culminating project in the methods course, was studied using an analytical assessment
rubric to quantify participants’ abilities to design integrated STEM lessons. Quantitative

findings suggest that elementary pre-service teachers’ perceptions, confidence, and abilities are
positively impacted through STEM-based preparation, specifically that which embeds a cotaught, integrated, teaching experience in which the pre-service teachers are able to apply what is
learned in an authentic setting. Qualitative findings supported the quantitative results, but also
suggested a positive trend in elementary pre-service teachers’ attitudes toward STEM as a result
of engaging in STEM-based preparation.
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CHAPTER 1
INTRODUCTION

Although the United States is capable of having the most innovative and technologically
advanced economy on the globe, research has shown that the American education system is
failing with regard to the integration of STEM content within the K-12 curriculum (Atkinson &
Mayo, 2010; National Science Board, 2007; President’s Council of Advisors on Science and
Technology, 2010). As the National Science Board and the President’s Council of Advisors on
Science and Technology (PCAST) explain, skills within the STEM areas are listed as current and
future requisites for individuals to be successful in the 21st-century work force, yet many
American students lack the proficiency and interest to pursue such career paths. Changing the
structure of American science education to integrate STEM practices is a challenging task, but to
boost achievement in STEM, the quality and configuration of K-12 education must be improved
(Atkinson & Mayo; National Science Board; PCAST).
To ensure that more Americans enter the work force with sought-after STEM skills,
foundational STEM exposure starting as early as elementary school is essential (Atkinson &
Mayo, 2010). Currently, a gap exists within the U.S. teacher work force with regard to the
number of elementary teachers who possess the expertise necessary to successfully integrate
STEM practices into their curriculum (National Research Council, 2010; National Science
Board, 2007; PCAST, 2010). Because of this, elementary STEM teacher quality is among the
top concerns addressed by researchers who advocate for the inclusion of STEM-based practices
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in our nation’s classrooms (Gonzalez & Kuenzi, 2012; National Science Board, 2007; National
Research Council, 2010; PCAST, 2010).
To address the growing need for effective STEM teachers who are equipped to prepare
students for STEM futures, PCAST (2010) has set a goal of recruiting and preparing at least
100,000 new STEM teachers by 2020 to stimulate economic growth and global competitiveness.
Strengthening STEM education nationwide is a crucial component in maintaining the highest
quality of life for American citizens (National Science Board, 2007). To improve STEM
education in U.S. classrooms, in particular those at the elementary level, there must be a
concentrated focus on teacher preparation and motivation at both the pre-service and in-service
levels for putting STEM theory into practice (PCAST).
While STEM-based initiatives are not altogether new to the field of education, the recent
focus by policymakers and educators has echoed the Obama Administration’s call for more
explicit science, technology, engineering, and mathematics (STEM) curricula within our nation’s
K-12 schools to boost student achievement in STEM (National Research Council, 2011; PCAST,
2010). With the release of the Next Generation Science Standards (Achieve, Inc., 2013),
designed to be integrated with the Common Core Standards (National Governors Association,
2012), it has become apparent that science is now becoming more highly prioritized within
elementary curricula and is intended to serve as a vehicle for delivering STEM-based instruction
to students. As such, elementary teachers must be highly skilled at integrating content in a
manner that will create meaningful learning experiences for students, allowing for the
development of 21st-century skills that are needed to drive the STEM-based global economy of
the future (Bybee, 2013; Harvard Graduate School of Education, 2011; National Research
Council, 2012).
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According to Vasquez, Sneider, and Comer (2013), STEM education represents a
fundamentally different approach to organizing the curriculum than approaches that have been
used in the past. Among the greatest strengths of STEM identified by Vasquez et al. is the
promise of breaking down the barriers between the content areas and bringing together formerly
isolated subject areas such as engineering or technology. STEM learning and teaching strives to
boost student engagement and achievement, deepen understanding, and provide relevance to
learning. Even as young as kindergarten, students engaged in an integrated curriculum involving
STEM content can begin to see how the concepts and skills learned work together to help them
solve problems and answer questions (National Research Council, 2012). Vasquez et al. also
suggest that an integrated STEM curriculum shifts elementary teachers’ focus from a disciplinebased mindset to that of one in which they are helping students learn to apply STEM concepts
and skills and relate what they are learning to the real world.
It is during the preparatory phases of teaching when teachers are thought to be the most
malleable in terms of embracing changes and challenging new ways of thinking, learning, and
teaching (Colburn & Henriques, 2002; Hanuscin & Lee, 2013). Therefore, elementary preservice teachers who have yet to venture into the field are at the forefront of the STEM
movement. Additionally, as the future leaders of the field, elementary pre-service teachers are in
a position to lead the charge for new initiatives encouraging the use of best practices. For these
reasons, it is imperative that as STEM continues to filter into elementary classrooms, pre-service
teachers must be prepared to meet the demands of new initiatives.

4
Definition of Terms

To provide clarity for the terms used throughout this study, the following definitions will
be used:
21st-Century Learning: The process by which students are exposed to 21st-century skills and are
given opportunities to practice and refine those skills through educational experiences within the
classroom setting, such as through hands-on, inquiry-based learning centered on a higher order
question or problem (Jacobs, 2010).
21st-Century Skills: Skills that are needed to be successful in the 21st-century, including, but not
limited to, the core competencies of collaboration, technological literacy, critical thinking, and
problem solving (Drake, 2012; Jacobs, 2010).
Curriculum Integration: An educational approach where students study an interdisciplinary
theme or topic and its related issues in the context of multiple disciplines (Bybee, 2013; Drake,
2012; Fogarty, 2009; Jacobs, 2010).
Embedded Instruction: An integrative approach to instruction in which one content area is used
as the dominant discipline and, as appropriate, other content areas are utilized to teach about a
topic, concept, or phenomenon based on a real-world context (Bybee, 2013; Fogarty, 2009).
Elementary Pre-service Teachers: Education students at the university level who are training to
become certified teachers for grades K-8 within a formal teacher education program (National
Research Council, 2010).
STEM: The integration of the four content areas of science, technology, engineering, and
mathematics into the K-12 curriculum for the purpose of providing students with opportunities to
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apply the knowledge and skills therein, namely those associated with 21 -century learning
(Bybee, 2013; Dugger, 2010; Sanders, 2009).

Framework
The framework for this study includes Vygotsky’s (1978) theory of constructivism, the
concept of STEM, and theories of curriculum integration (Bybee, 2013; Fogarty, 2009). Similar
to Fogarty’s (2009) nested model in which one content area is embedded into another is Bybee’s
(2013) model of incorporation, wherein the science content area is the dominant discipline and,
as appropriate, the areas of math, technology, and engineering are pulled in to the curriculum.
While Bybee does not cite any integration theorists in the discussions of his proposed models for
integration, the vast majority of the models illustrated in his 2013 book, The Case for STEM
Education: Challenges and Opportunities, appear to align to the ten models originally designed
by Fogarty in 1989 and later updated by Fogarty (2009). The model of incorporation created by
Bybee is appropriate for individual lessons and larger units of study and represents a first step
toward integration for novice teachers, making this model a particularly valuable starting point
for pre-service teachers (2013). While Bybee (2013) refers to his model as incorporated, it is a
more complex version of Fogarty’s (2009) nested model. Within Chapter 2, a continuum of
integration theories is presented that discusses the progressing complexity of each model. For
the purposes of continuity, the model used for the framework of this study will henceforth be
referred to as an embedded approach to integration. This study’s framework, illustrated below in
Figure 1, contains all four of the STEM content areas as appropriate.
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Figure 1. The embedded approach (adapted from Bybee, 2013; Fogarty, 2009).

This model is particularly appropriate for use within a school setting in which a
compartmentalized curriculum, specifically for math and science, exists because few changes are
necessary in order to move from a compartmentalized framework to an embedded model, as it
provides a general enough foundation to reach across the disciplines (Fogarty, 2009).
Straightforward by design, the embedded model is cited as being easier for less experienced
teachers to use, such as those at the pre-service level (Bybee, 2013; Fogarty). To begin
designing units that are interdisciplinary, a teacher must simply look for ways in which content
areas can be brought in to the curriculum of the specific content area of focus. For example,
when reviewing the science curriculum, teachers would consider how technology, engineering,
or math components can be more explicitly woven into the curriculum that exists. Integrated
approaches, such as the embedded approach, have been highlighted within the research as being
particularly useful in integrating the Common Core State Standards (National Governors
Association, 2012) and STEM (Furner & Kumar, 2007; Riley, 2012). Integration is seen as an
effective means for teaching and learning because it provides students with the opportunity to see
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that they can learn about a given topic in numerous ways while journeying through the content
areas (Drake & Burns, 2004).
Adding to the appeal of an integrative approach is a rooting in constructivism, which is a
learning theory in which students build their own knowledge based on previous experience,
inquiry, and provided learning experiences (Bentley, Ebert, & Ebert, 2007). Constructivist-based
approaches to integration are highly effective within STEM curricula because the STEM
concepts outlined within the Next Generation Science Standards (Achieve, Inc., 2013) for K-12
students include a myriad of constructivist practices to help build 21st-century skills within
students (National Research Council, 2012). Additionally, students can approach the content
within an integrative unit from different angles based on their prior knowledge or personal
interests, which in turn makes the learning experience more rigorous and complex, promoting the
acquisition of 21st-century skills (Jacobs, 2010). The constructivist-based, interdisciplinary
approach is discussed further in the review of literature in Chapter 2.

Problem Statement

A need exists for teacher preparation programs to ensure that elementary pre-service
teachers enter the field with the ability to prepare students for STEM-based futures (Atkinson &
Mayo, 2010; PCAST, 2010). Even so, federal initiatives that are pushing for STEM to be
integrated throughout the elementary curriculum (PCAST; National Research Council, 2012)
have come to the forefront of the field at a time when there is a lack of research on elementary
pre-service teacher preparation for STEM integration. Because of this, elementary teacher
education programs must now determine the best methods for preparing pre-service teachers for
various levels of STEM integration while STEM integration is concurrently being defined within
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the field. Researchers have suggested that the most effective way to prepare elementary preservice teachers for STEM integration is to immerse them in relevant practice before their
teacher education program has culminated (Atkinson & Mayo, 2010; Bybee, 2013).
The level at which STEM integration can be practiced by elementary pre-service teachers
may vary depending on factors such as the vision of the teacher education program and the
perceived need within the field (Sanders, 2009). Several researchers have explicitly called for a
full integration of the four content areas of STEM within the elementary curricula to mirror the
current direction of the field (Brophy et al., 2008; Bybee; Drake, 2012; Rockland, et al., 2010).
To prepare for such a complex level of integration, elementary pre-service teachers must first be
provided with a foundational knowledge of content integration (National Research Council,
2012). Next, elementary pre-service teachers must be provided with the ability to apply their
knowledge of STEM integration within learning experiences designed refine and extend their
understanding of integration (National Research Council, 2012).
To determine an appropriate starting point for preparing elementary pre-service teachers
to integrate STEM, researchers should examine past studies that have prepared pre-service
teachers for other types of curriculum integration. For example, as a foundational platform to
STEM, numerous studies have been conducted within the last decade examining elementary preservice teacher preparation with regard to integrating science and math content into their
instruction (Berlin & White, 2012; Frykholm & Glasson, 2005; Furner & Kumar, 2007; Koirala
& Bowman, 2003; Niess, 2005). These studies all focus on providing practical learning
opportunities for elementary pre-service teachers to meaningfully integrate content within
elementary classrooms. Because little empirical research on STEM-specific integration exists,
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these studies serve as an excellent starting point for researchers who wish to drive the future of
elementary pre-service teacher STEM preparation.

Purpose Statement, Research Questions, and Directional Hypotheses

The purpose of this study was to examine the perceptions, abilities, attitudes, and
confidence of elementary pre-service teachers from a small, private, Midwestern university
toward integrating STEM into their instruction using an interdisciplinary approach. This mixedmethods study sought to answer the following questions:
1.

How do perceptions of elementary pre-service teachers who participate in STEMbased preparation correlate to their actual abilities to integrate STEM into their
instruction?

2.

Does participating in preparation for STEM-based integration affect elementary
pre-service teachers’ perceptions of STEM?

H1: STEM-based preparation will positively increase pre-service teachers’ perceptions of
STEM.
3.

How does participating in preparation for STEM-based integration affect
elementary pre-service teachers’ attitudes toward STEM?

H2: STEM-based preparation will positively increase pre-service teachers’ attitudes
toward STEM.
4.

How does participating in preparation for STEM-based integration affect
elementary pre-service teachers’ confidence in integrating STEM into their
instruction?
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H3: STEM-based preparation will positively affect elementary pre-service teachers’
confidence in integrating STEM into their instruction.

Significance of the Study

The findings of this study add to current literature pertaining to preparing elementary preservice teachers for STEM instruction and integration, which is valuable in the sense that STEM
content will be increasingly laced throughout the K-12 curriculum as states begin to adopt and
implement the Next Generation Science Standards (Achieve, Inc., 2013). Embedded within the
Next Generation Science Standards is an emphasis on building STEM knowledge and skills;
thus, it becomes imperative to accommodate for this shift in content by taking steps to ensure
that the teachers who are being prepared today are equipped to handle the rigors of STEM-based
curricula of tomorrow. Yet, because STEM-based initiatives are so new, a lack of significant
research on pre-service teacher STEM preparation exists. Thus, this study adds to the
foundational platform for current and future research studies on pre-service teacher preparation
for STEM integration.
The study provides insight into the perceptions of elementary pre-service teachers toward
STEM integration as well as which factors influence their attitudes toward and confidence in
teaching STEM-based content. The findings of the study can inform university faculty and
administration as to how to best design programmatic learning experiences to prepare elementary
pre-service teachers for integrating STEM into their curricula. Policy-makers may also benefit
from this study, as existing initiatives both inform teacher preparation programs and provide an
opportunity for revision and improvement of current policy. Finally, and most importantly,
elementary students may benefit from this study because as policies and programs are tailored to
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the needs of elementary pre-service teachers, teaching practices and subsequent learning
experiences for students can be improved. This will better-prepare elementary students for the
STEM-based economy of which they will become a part.

Methodology

The methodology used was a mixed-methods approach using three distinct phases of data
collection. Within each phase, surveys and one-on-one interviews were conducted.
Additionally, a document analysis was conducted on a final project in which participants created
a week long, integrative STEM unit. Participants for this study included 12 elementary preservice teacher candidates at a small, private, Midwestern university located approximately 35
miles southwest of a major city.
Data were collected longitudinally in three phases over the course of two semesters.
Phase I took place at the beginning in the fall 2014 semester. During this phase, pre-surveys (see
Appendices E, F, and G) and pre-interviews (see Appendix H) were conducted prior to any
pedagogical STEM training takes within the participants’ science and social studies methods
course. To protect the confidentiality of the participants and to guard against any bias within the
science and social studies methods course in which the researcher is also the instructor, surveys
were proctored by another faculty member in the College of Education of the university within
which this study took place. The Phase I interviews were conducted by a part-time employee of
the College of Education who has no affiliation with the elementary education program. Phase I
survey data were kept under lock and key by the College of Education faculty member, and the
researcher was not informed as to the identity of participants or their responses within the survey.
The Phase I interviews were transcribed by the part-time employee of the College of Education
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who conducted the interviews during the first week of the fall 2014 semester. The audio
recording device was kept under lock and key with the survey data, and any identifying
information from the Phase I interviews was redacted to allow the researcher to use the data that
were collected to inform the Phase II interviews.
Phase II data collection took place at the end of semester one in December 2014, at which
time surveys and interviews were conducted again using the same participants from Phase I.
Additionally, a document analysis of the final project for the course, a week-long, integrated
STEM unit, also took place using an analytical rubric (see Appendix K). Phase III data
collection took place in the second half of the spring 2015 semester in late March and early
April. At this time, final surveys and interviews were conducted using the same participants
from Phases I and II.
Data from each phase of collection were analyzed separately. Each of the three data
analysis components included both quantitative and qualitative components. Within each phase,
quantitative data analysis were compared or related to the qualitative data analysis, followed by
interpretation by the researcher. Quantitative data analysis was conducted through the use of
descriptive and correlational statistics (Gravetter & Wallnau, 2011; Mertens, 2010).
Additionally, an analytical rubric was used to assess the performance of participants on the
elicited course project at the end of semester one. Data analysis of the analytical rubrics was
conducted through the measures of central tendency pertaining to each component of the rubric.
Qualitative data analysis was conducted through the process of transcribing interviews, opencoding to identify themes, axial coding to categorize the themes, and the writing of analytical
memos to draw more detailed patterns from each category (Bogden & Biklen, 2007; McMillan,
2008; Mertens, 2010). A more detailed discussion of methodology can be found in Chapter 3.

13
Delimitations

Although STEM education, pre-service teacher preparation, and curriculum integration
all span the entire K-12 curriculum, this study was limited to elementary pre-service teachers
within one Midwestern teacher preparation program at a small, private university. This allowed
the researcher to limit the number of variables involved within the study that might exist from
program to program across multiple institutions.
Limited to a pool of 12 participants, this study focused on a small, Midwestern
university. Because the study took place within a small university within one elementary teacher
education program, it is possible that the perceptions of the participants may have remained
similar from participant to participant. Because of this, the external validity of the data is, in
itself, a limitation. The sample was one of convenience, thus the results are not generalizable to
the field in its entirety. In addition, while the interviewer was able to delve deeply into the study
as a participant-researcher during Phases II and III of this study, the level of bias within the study
may limit the results in the sense that the researcher was the instructor within the elementary
education program at the university being studied as well as within the three-credit
undergraduate methods course entitled, “Elementary Methods of Teaching Science and Social
Studies” within which Phase I of this study took place. The perceptions of the researcher will be
bracketed (Fischer, 2009), yet they may still affect the level of bias within the study.
The teacher-as-researcher model can limit the study despite allowing the researcher to
delve deeply into the thought process of the participants (Bogden & Biklen, 2007). For example,
participants who are participating in the study while enrolled in the course as a required part of
their elementary teacher preparation may fear that their participation in the study could adversely
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affect their grade in the methods course despite the researcher being unaware of who is or is not
participating in the study until after grades have been posted for the course in which the study
takes place. In addition, in the cases in which the participants have developed a close bond with
the researcher as the instructor of their methods course, those participants may be reluctant to
provide insight pertaining to critique of STEM integration for fear of negatively impacting the
researcher’s study. The researcher has taken careful measure to overcome these limitations;
however, even in spite of the limitations themselves, the researcher was able to become an
insider within Phases II and III of the study itself, allowing the researcher to delve more deeply
into the insights of the participants pertaining to answering the research questions (Bogden &
Biklen, 2007).

Organization of Study

This study is organized into five chapters. Chapter 1 introduced the problem and purpose
for the study as well as discussed the overarching framework which will provide the lens through
which the study was focused. The four research questions that guided the mixed-methods study
are also addressed in Chapter 1.
Current and relevant literature are reviewed within Chapter 2 on the historical context of
STEM education, curriculum integration at the elementary level, existing models for STEM
integration, elementary pre-service teacher preparation for STEM, and pre-service teacher
perceptions of STEM education.
The research methodology for this study, based on Creswell and Clark’s (2011)
Convergent Parallel Design, is detailed in Chapter 3. Data were collected through the use of
surveys and interviews across both semesters of this longitudinal study to address all three of the
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research questions. In addition, a document analysis took place during the first semester of the
study on a final project assessing the abilities of participants to integrate STEM curricula. The
data that were collected is discussed within Chapter 4, followed by an analysis and discussion of
the implications of the findings within Chapter 5, culminating with final conclusions and
recommendations for future research.

CHAPTER 2
REVIEW OF LITERATURE
Within America’s education system, a federal shift is occurring to boost student
performance in the areas of science, technology, engineering, and math (STEM). Released in
2013, the Next Generation Science Standards (Achieve, Inc.) provide a K-12 framework around
which STEM curriculum can be designed. In doing so students will be better-equipped to
participate in a STEM-based global economy upon venturing out into the work force (Achieve,
Inc.). As the proposed revisions to American K-12 curriculum trickle down from the federal
government to schools, it is apparent that in order to adequately prepare students for a STEMbased future, those who teach much be prepared to integrate STEM into their instruction.
Specifically, pre-service teachers who are new to the field must be prepared for STEM
integration because they are the future leaders within the field who will play an important role in
steering the trajectory of STEM education (Atkinson & Mayo, 2010; Bybee, 2013).
As discussed in Chapter 1, research has pointed to failure within the American education
system pertaining to the presence of STEM-based content within K-12 curricula (Atkinson &
Mayo, 2010; National Science Board, 2007; President’s Council of Advisors on Science and
Technology (PCAST), 2010). The lack of STEM within the curricula points to an achievement
gap in STEM between the United States and other industrialized nations (U.S. Congress Joint
Economic Committee, 2012). According to a score report from the Programme for International
Student Assessment (PISA), American middle school students ranked 25th in math and 17th in
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science out of 34 nations participating in the Organization for Economic Cooperation and
Development (OECD) in 2012 (U.S. Congress Joint Economic Committee). This raises concern
that American students will end up not being able to actively participate or compete in a 21stcentury global society upon completion of K-12 education. Because of this, the federal
government has called for the quality of STEM education within K-12 schools to be improved
(PCAST, 2010; U.S. Congress Joint Economic Committee, 2012).
Calls for K-12 STEM education to be improved have led to the realization among
politicians and professionals within the field of education that American teachers do not possess
the expertise necessary to successfully integrate STEM into their curricula (Atkinson & Mayo,
2010). Because of this, researchers on STEM education have pointed high levels of concern for
U.S. STEM teacher quality (Gonzalez & Kuenzi, 2012; National Science Board, 2007; National
Research Council, 2010; PCAST, 2010). To address this concern, PCAST (2010) has set a goal
for both recruiting and preparing 100,000 STEM-based K-12 teachers by 2020 to stimulate
STEM growth within the American economy. Thus, pre-service teachers at all levels must be
prepared accordingly within their teacher preparation programs, specifically those at the
elementary level, where science is the least covered content area in the entire curriculum
(National Center on Time and Learning, 2011). The remainder of this chapter details the
findings in the research literature pertaining to preparing elementary pre-service teachers for the
integration of STEM within their instruction. The chapter is organized to guide the reader
through the themes within the literature pertaining to STEM education from a broad, global lens
to the lens of preparation of American elementary pre-service teachers for STEM integration.
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Historical Context for STEM Education

The modern version of STEM originated in the 1990s, when the National Science
Foundation called for an increased focus on the four core areas of science, technology,
engineering, and mathematics; however, the acronym “STEM” and its associated meaning has
evolved over time (Bybee, 2013; Sanders, 2009). Originally, the National Science Foundation
referred to the integration of science, technology, engineering, and mathematics as “SMET,” but
after much discussion on the acronym’s negative association with the word “smut,” the acronym
was eventually changed to STEM (Dugger, 2010). Because of this, many individuals may
mistake STEM as being a completely new initiative, when in fact, the components of STEM
have been in existence for at least two decades. Research exists regarding the connectivity
between the core areas of STEM, namely associated with the areas of science and mathematics
(Frykholm & Glasson, 2005; Gonzales & Kuenzi, 2012) or science and technology (Niess, 2005;
Watt, Richardson, & Pietsch, 2007). Because these content areas are part of STEM and are often
referenced in conjunction with STEM initiatives, a great deal of confusion is associated with
defining what STEM is and why it is important.
Views of STEM vary depending on an individual’s role in the education system (Bybee,
2013). Angier (2010), a critic of STEM education, has noted the ambiguity of STEM’s
definition and purpose as being a foundational flaw that causes the realm of STEM education
research to lose reliability. Even so, as Bybee contends:
The STEM train has left the station, and the challenge of stopping it and backing it into
the station until there is consensus on the definition, meaning, and purpose is greater than
trying to give directions and make constructive use of the term. (p. 2)
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Thus, given the fact that STEM initiatives have already been launched, it is imperative that a
clear model for STEM education is articulated prior to beginning any study or professional
development activity, specifically with pre-service teachers who often find themselves in the
midst of a massive overload of information when navigating through the preparatory stages of
becoming a teacher.

Definition and Purpose of STEM

Because a myriad of definitions for STEM exist within the field and depend on the lens
through which the individual person or body views the initiative, it is essential that STEM be
clearly defined prior to launching into any study on the topic. A 2010 survey conducted by the
Entertainment and Media Communications Institute of over 5,000 participants from multiple
STEM-based organizations indicated that 86% of participants were unable to define the term
STEM in finite terms. As with any term in the field of education, one should be able to clarify
its meaning and purpose to be able to properly support its intended growth within the field. As
such, there is no need to argue that the main purpose of STEM education is to develop the
content and practices within the areas of science, technology, engineering, and mathematics;
however, the type of content covered within each of these four core areas differs greatly in
practice (Bybee, 2013; Sanders, 2009).
For the purposes of this literature review, the synthesized definition of STEM consists of
the integration of the four content areas into the K-12 curriculum for the purpose of providing
students with opportunities to apply the knowledge and skills therein, namely those associated
with 21st-century learning (Bybee, 2013; Dugger, 2010; Sanders, 2009). 21st-century learning
skills include those in which individuals learn through collaboration, making connections
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through real-world application, and solving problems using critical thinking skills (Harvard
Graduate School of Education, 2011). 21st-century skills are addressed within the content areas
of science, technology, engineering, and mathematics according to the Science and Engineering
Indicators released by the National Science Board (2012) and the National Research Council’s
(2011) report, A Framework for K-12 Science Education: Practices, Crosscutting Concepts, and
Core Ideas, both of which informed the development of the Next Generation Science Standards
(Achieve, Inc., 2013). All three seminal documents point to the future of science education
including 21st-century learning as building the fundamental core of STEM education.
Many in the field connect 21st-century learning themes into the realm of STEM literacy.
STEM literacy is defined as learning that goes beyond basic STEM content knowledge and
extends into the application of learning associated with local and global issues, ultimately
advances the goals of STEM education (Bybee, 2013). These goals include becoming aware of
societal issues pertaining to STEM, being willing to engage in these issues as a reflective citizen,
and advancing the knowledge, skills, and attitudes needed to develop solutions for the issues for
the greater good of society (Rising Above the Gathering Storm Committee, 2010). What
remains to be seen, however, is a coherent scope and sequence for the purposes of STEM and
models for its implementation for teachers to follow. In other words, how STEM is to be
implemented within K-12 curricula, specifically at the elementary level, which is the focus of
this study, must be addressed prior to preparing pre-service and in-service teachers alike to
integrate STEM content into their elementary classroom.
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Standards-Based Approach to STEM Education

With the creation of No Child Left Behind (NCLB) in 2002 came the incentives-based
push for individual states to revise the existing national standards and better define levels of
proficiency for children within each content area, especially the areas of math and reading
(Marzano et al., 2013). Early standards-based efforts of NCLB faced issues such as variance
from state to state, coverage of a broad range of content with inadequate depth, inclusion of too
many standards that were assessed multi-dimensionally, and poor vertical and horizontal
alignment (Center on Education Policy, 2011; Marzano et al., 2013). In an effort to remedy
these issues, common sets of standards, including the Common Core State Standards, released in
2010 (National Governors Association), and the Next Generation Science Standards, released in
2013 (Achieve, Inc.), were created to drive American education successfully into the future.
These standards are meant to provide an educational experience for children that will prepare
them for their futures as global citizens ready to meet societal needs.

Development of the Standards

The Common Core standards (National Governors Association, 2012) focus primarily on
math and English language arts; however, within the English language arts standards are those
addressing literacy across content areas such as science, social science, and the arts. The
immediate purpose of the Common Core is to provide transparency to guide teachers in knowing
what students need to learn in order to succeed in the next year of study (Kendall, 2011). On a
broader perspective, the Common Core includes fewer, higher, and clearer standards that are
internationally benchmarked and aligned with career expectations so that all students are able to
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complete K-12 education prepared for college and career. These purposes are paralleled within
the principles outlined within the Next Generation standards (Achieve, Inc., 2013).
To prepare students for life beyond K-12 education, both the Common Core and the Next
Generation standards are rigorous and promote 21st-century learning skills that are needed to
succeed as a global citizen (Kendall, 2011). According to Vasquez, Sneider, and Comer (2013),
a major component of global citizenry includes the development of those skills linked to creating
solutions to global issues (e.g. energy crises or health pandemics). The skills required to solve
these issues are never used in a compartmentalized basis in the real world; instead, they are used
across the content areas collectively. The creators of the Next Generation standards designed
them to provide rigorous science curricula complementing the goals outlined within the Common
Core (Achieve, Inc., 2013). As such, when reviewing the Common Core and Next Generation
standards, several parallels surface between the documents.
Under the No Child Left Behind Legislation, elementary teachers are spending the
majority of their time teaching compartmentalized math and English language arts curricula
(Alexander et al., 2014; National Center on Time and Learning, 2011). This assertion is
worrisome given the fact that research has indicated that integrated curricula are successful in
boosting student achievement across all content areas (Bybee, 2013; Hartzler, 2000). Because
integration has proven to be beneficial to student achievement, the Next Generation standards
were written to be fully integrated with the Common Core (Achieve, Inc., 2013). The content
integration within the standards provides a platform for the development of elementary preservice teachers, who must prepare to align their teaching to the integrative nature of the
standards. Additionally, the platform experiences in integration will also provide valuable
experience that mirrors the expectations as in-service teachers.
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Elementary STEM Education

A lack of research on elementary pre-service teacher preparedness for STEM integration
indicates the need for teacher preparation programs to shift existing paradigms to ensure that preservice teachers are able to enter the field fully-equipped to prepare students for their futures.
Specifically, there must be a concentrated focus on motivating pre-service teachers to put theory
into practice. Many discrepancies exist within the literature with regard to how STEM should be
integrated into elementary classrooms (Bybee, 2013). Even so, current literature does not deny
the importance of elementary STEM integration (Achieve, Inc., 2013; Alexander et al., 2014;
Knezek, Christensen, & Tyler-Wood, 2011; National Academy of Engineering & National
Research Council, 2014; Sanders, 2009; U.S. Congress Joint Economic Committee, 2012).
While researchers call for full integration of the four content areas of STEM within
elementary curricula (Brophy, Klein, Portsmore, & Rogers, 2008; Dugger, 2010; Rockland, et al.
2010; Sanders, 2009), the depth of existing content integration varies widely (Bybee, 2013).
Because of this, elementary pre-service teachers must be provided with a foundational
knowledge of content integration, and they must be provided with learning experiences in which
they are able to put research into practice (Alexander et al., 2014; National Academy of
Engineering & National Research Council, 2014).

Elementary Science Deficits

In 2011, the National Center on Time and Learning (NCTL) presented data supporting
the assertion that science instruction in elementary schools has declined under the No Child Left
Behind legislation. In fact, the NCTL’s data suggested that science is among the least prevalent
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content areas taught in elementary classrooms (Adams, Miller, Saul, & Pegg, 2014). The
findings of this report are worrisome given the federal STEM initiatives presented by the
President’s Council of Advisors on Science and Technology (PCAST, 2010), the National
Research Council (2011), and the Next Generation Science Standards (Achieve, Inc., 2013), that
call for increased focus on the core STEM areas to boost student achievement in those areas.
The structure of schools’ curricula must be revised in order to meet the needs of contemporary
STEM initiatives (Adams et al.). Additionally, the manner in which elementary pre-service
teachers are being prepared to teach within the existing structure of schools’ curricula must also
be revised by university teacher preparation programs in order to ensure that teachers are not
only prepared to teach STEM-based content, but they are also prepared to become leaders of
STEM education implementation (Vasquez, Sneider, & Comer, 2013).
The assertions made in a report titled Slow Off the Mark: Elementary School Teachers
and the Crisis in STEM Education by Epstein and Miller (2011) mirror those of the NCTL. To
better prepare elementary pre-service teachers to be able to successfully integrate STEM content
into an already full daily schedule in the elementary school setting, Epstein and Miller call for
greater inclusion of math and science pedagogy for pre-service teachers within their teacher
preparation programs (National Academy of Engineering & National Research Council, 2014).
The main flaw in this report, however, is the fact that the researchers only briefly mention
technology and engineering and the majority of their research and discussion centers around the
existing math and science curricula within our nation’s elementary schools. While this is likely a
means for finding an appropriate starting place upon which the foundation for STEM education
can be built, the lack of focus on technology and engineering will likely exacerbate confusion
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among stakeholders regarding what STEM education is and the level of importance reserved for
each content area.

Technology and Engineering Gap

Although STEM very explicitly includes four main content areas of science, technology,
engineering, and mathematics, Bybee (2013) contends that there is a distinct lack of technology
and engineering coverage within elementary classrooms. According to Bybee, “the majority of
reports [on STEM] addressed science and math [exclusively] and gave little to no recognition to
technology and engineering” (p. 51). There is ample evidence in the literature to support
Bybee’s claim (Adams et al., 2014; Alexander, 2011; Brophy, Klein, Portsmore, & Rogers,
2008; Niess, 2005; Rockland et. al., 2010; Schmidt & Fulton, 2015). The idea that technology
and engineering should be integrated into schools’ curricula is not a new phenomenon. Several
documents, including Science for All Americans (American Association for the Advancement of
Science, 1989), the National Science Education Standards (National Research Council, 1996),
the Standards for Technological Literacy (International Technology Education Association,
2000), and the Next Generation Science Standards (Achieve, Inc., 2013) all call for the
integration of technology and engineering components within the elementary curriculum.
In a 2008 review, Brophy, Klein, Portsmore, and Rogers highlight the importance of
STEM education, specifically with regard to engineering and technology integration. The
assertion presented parallels that of other experts in the field who state that technology and
engineering, while relevant and important, are not adequately represented in most classrooms
(Rockland et. al., 2010; Sanders, 2009; Williams, 2011). Reasons cited for lack of coverage of
engineering and technology content within the elementary curricula include lack of time and,
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more overwhelmingly, lack of teacher comfort with the content (Adams et al, 2014; Sanders,
2009; Williams, 2011). Imbalanced coverage of technology and engineering concepts results in
lower STEM achievement overall; thus, it is important to provide ample engineering and
technology professional development for elementary pre-service teachers that is both integrative
and individualized in nature. Preparation must be individualized in the sense that elementary
pre-service teachers must be able to refine their competency in each given content area before
being able to fully integrate concepts from multiple disciplines together (Adams, et al.; Brophy et
al.).
Contemporary STEM initiatives are just beginning to unroll before the educational
community. The incorporation of technology and engineering is no longer considered a
recommendation, but instead, skills in these content areas are recognized as so important that
they are appearing at the forefront of new national standards and assessments for America’s
students (Achieve, Inc., 2013; International Technology Education Association (ITEA), 2000).
In fact, the National Assessment Governing Board (NAGB) has recognized the importance of
STEM skills so much that a national assessment will be designed for U.S. students by late 2014
with the purpose of monitoring progress in gearing students up for the STEM-based global
economy of their futures (Bybee, 2013). If students are to be adequately prepared for STEM
curricula, highly-skilled STEM teachers could be our nation’s largest asset.

Elementary Curriculum Integration

We are living in a modern age in which life is not segmented into separate disciplines.
As such, it makes sense to organize children’s school days around a curriculum that will prepare
them to approach problems and tackle issues similarly to how they will be experienced in the real
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world. Integration of curriculum, while not new to the field of education, is an often overlooked
means for preparing American students for life within and beyond K-12 education (Wright,
Sorels, & Granby, 1996). With the release of the Common Core State Standards (National
Governors Association, 2012) and the Next Generation Science Standards (Achieve, Inc., 2013),
it is becoming apparent that modern education is moving toward the idea of blending content
themes in order to meet standards across the curriculum. Because many elementary schools are
still in a transitional phase of adopting the new standards and designing curricula to support
them, it is imperative that pre-service teachers who have yet to start their careers in the field be
prepared to integrate curricula and design lessons incorporating cross-curricular standards.

What Is Curriculum Integration?

Curriculum integration means many things to different people. Because of this, it is
important to clearly define the term prior to beginning any study involving integration. To
develop a definition that aligns most closely to the broad body of research in the field, the
theoretical works of Beane (1997), Bybee (2013), Drake (2012; see also Drake & Burns, 2004),
Fogarty (2009), and Jacobs (1997; 2010) have been reviewed to determine the differences and
commonalities amongst them. While not all components of the theorists’ viewpoints align
perfectly, for the purposes of this study, curriculum integration is defined, collectively, as an
educational approach where students study an integrated or interdisciplinary theme or topic and
its related issues in the context of multiple disciplines (Beane; Bybee; Drake; Fogarty; Jacobs).
Additionally, Chernus and Fowler (2010) identify four key elements of curriculum integration
that must also be present for a learning experience to be defined as truly interdisciplinary:


Content for the learning experience must be derived from two or more disciplines.
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There must be a shared purpose for the learning experience from the disciplines
involved.



Well-defined objectives must be derived from the appropriate content standards.



The learning experience must be grounded in a real-world context.

Beane’s perspective would refute aspects of this combined definition because his work focuses
on drawing the distinction between integrated curriculum and interdisciplinary curriculum.

Interdisciplinary Versus Integrated Curriculum

When reviewing the literature on elementary curriculum integration, multiple research
studies grounded in theories by Drake (2012), Fogarty (2009), and Jacobs (2010) use the terms
“integrated” and “interdisciplinary” interchangeably (Berlin & White, 2012; Frykholm &
Glasson, 2005; Niess, 2005; Stohlman, Moore, McClelland, & Roehrig, 2011). Beane (1997),
however, argues that interdisciplinary curriculum does not fall under the same umbrella as
integrated curriculum. According to Beane, there should be no visible lines between content
areas within a true integrated curriculum, and students’ questions should drive the direction of
the planned learning experiences. His rationale draws from the fact that real-world problems are
never solved on a content-by-content basis; instead they are solved in a manner in which those
involved are paying more attention to the issue or question at hand rather than the specific
content areas from which their skills are coming.
Parallel to Beane’s (1997) research on the separation of interdisciplinary curriculum from
integration is Dohrer’s (1998) qualitative study of 12 pre-service teachers at the secondary level
who were engaged in designing an integrative unit within which there was no separation of
disciplines. Dohrer concluded that immersing students in a collaborative teaching experience
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during their methods courses in which disciplinary lines were blurred completely helped the preservice teachers to gain an appreciation for integration and grow immensely in their teaching
competency. The argument could be made, however, that the teachers involved in designing the
integrated units all came from distinct disciplines, thus the lines between the content areas may
not have been as entirely blurred as intended since the teachers approached the project through
their individual disciplinary lenses. In addition, the pre-service teachers involved in the study
often used the term “interdisciplinary” within their discussions of their unit design because they
recognized that there were varying levels of integration taking place across their units.
Theorists such as Drake (2012), Fogarty (2009), and Jacobs (2010) would agree that
integration takes place in multiple forms and various levels across the curriculum. Their theories
propose a holistic approach to curriculum design that links the disciplines to focus on a specific
topic or theme of study for the purpose of providing meaning and relevance for the students.
Interdisciplinary teaching is included within their definitions of integration because it involves
careful planning in which common themes are drawn to make connections across the curriculum.
Jacobs (2010) explains that integration takes place upon a continuum ranging from basic to
advanced. The ten models of integration designed by Fogarty (2009) as well as models introduced
by Drake and Burns (2004) or Bybee (2013) could be placed into a similar continuum. Because so
many commonalities exist between the theoretical models proposed by integration theorists, a
synthesized continuum similar to the one initially proposed by Jacobs is presented in Figure 2.
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Level of Integration
Low
Nested
(Fogarty, 2009)

Multidisciplinary
(Drake & Burns, 2004;
Jacobs, 2010)

Integrated
(Fogarty, 2009)

Webbed
(Fogarty, 2009)

Interdisciplinary
(Bybee, 2013; Jacobs,
2010)

High
Transdisciplinary
(Beane, 1997;
Drake & Burns, 2004)

Embedded
(Bybee, 2013)
Figure 2. Continuum of models for integration (adapted from Jacobs, 2010).

Each column of the figure represents similarly-designed models of integration, and each
column is placed on the continuum to order the clusters of integration models from low levels of
integration to high levels of integration. The model chosen for this study, Bybee’s (2013)
embedded approach, was chosen based on how well it fit with current research on the
developmental levels of elementary pre-service teachers toward STEM integration, as it allowed
the pre-service teachers to focus on one content area of study and integrate other content areas in,
as appropriate and meaningful. Doing so ensured that the science content would drive the preservice teachers’ instructional planning and decision-making, with the areas of technology,
engineering, and math being used as supports to extend and deepen students’ learning. Bybee
contends that allowing pre-service teachers to hone in on one content area first provides a starter
approach with more instructional purpose than attempting to integrate all content areas equally
based on a given topic or theme.
As seen in Figure 1 within Chapter 1 of this dissertation (refer to p. 6), this study was
based upon the foundation of constructivist teaching and learning practices. Within this
foundation lies science as the core content area through which STEM integration took place.
Science served as the core content area due to the fact that the participants will be studied during
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their science methods coursework during their teacher education programs. Within traditional
curricula, content areas stand as individual silos with impermeable walls that house information
pertaining to each individual subject (Bybee, 2013). This study intended to break down the silos
of technology, engineering, and mathematics to allow all content areas to flow together; thus, the
content areas of technology, engineering, and math are surrounded by a dashed line to illustrate
the permeability of science as it blankets the rest. All content areas are housed under the
umbrella of constructivism, which offers insight about students’ existing knowledge, how
learning takes place based on individual needs, and how to account for the eventual outcomes of
teaching and learning (Bentley, Ebert, & Ebert, 2007).
The figure denotes an adapted version of a “beginner” model of STEM integration
developed by Bybee (2013) known as embedded integration. As pre-service teachers engage in
methodology course work focused on research-based best practices for a specific content area
(science, in this case), they will be encouraged to make connections between their planned
lessons and activities in relevant content areas (such as technology, engineering, and
mathematics). The embedded areas are represented by a dotted circle because they are infused
into an existing curriculum, providing a foundational platform within which other content areas
can be pulled. This is considered to be a beginner approach in the sense that pre-service teachers
can take an existing curriculum and make connections to other curricular areas as opposed to
designing a higher level of integration such as transdisciplinary in which there are no visible
lines drawn between the content areas. The foundational knowledge provided by the embedded
approach can be further developed once pre-service teachers have mastered lower-level
integration techniques and are better-equipped to engage in more advanced integrative planning.
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Critique of Integration

While experts in the field such as Beane (1994), Bybee (2013), Drake (2012), Fogarty
(2009), and Jacobs (2010) as well as the Common Core State Standards (National Governors
Association, 2012) and the Next Generation Science Standards (Achieve, Inc., 2013) all advocate
for integration in practice, integration is not immune to critique. Drake cautions that blurring the
lines between content areas may devalue the content of each discipline. If this happens, student
learning experiences may become too contrived and/or superficial (Beane). Additionally, if
curricular connections become too forced, other important concepts could be compromised. For
example, as discussed by Riley (2012), STEM curricula explicitly exclude the arts, a vital
component to the elementary curriculum. For this reason, Riley recommends adding an “A” for
the arts into STEM acronym to create a STEAM curricula. Even under this model, however,
other content areas may be compromised as a result of focusing too intently on only the themes
drawn between the content areas of STEAM.
In recent years, science-based STEM models such as those presented by Bybee (2013)
have looked at STEM through a science-based lens. As a result, it has been noted that using an
integrated model may benefit one content area more than the others (Drake, 2012). This
becomes apparent in reviewing the few research studies on STEM integration that currently
exist, as many of them focus more on math and science than on technology and engineering
(Brophy, Klein, Portsmore, & Rogers, 2008; Niess, 2005; Rockland et. al., 2010). This finding
leads one to conclude that distinctions between disciplines may be necessary in order to ensure
that standards from each content area are being met during an integrated unit of study contrary to
the arguments presented by Beane (1997).
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Critics of integration such as Donovan and Bransford (2005) often refer to the idea of
inefficiency among curricula as being an obvious implication of this type of methodology. They
argue that integrated curriculum lacks rigor and offers only loose ties to standards, not to
mention the issue of teachers lacking content area expertise to delve as deeply into content as
compartmentalized teachers could. Additionally, other critics (Epstein & Miller, 2011;
Williams, 2011) point out that teachers who lack expertise within the integrated content areas
may not be able to clearly articulate the connections between disciplines to students. Because of
this, it is essential that before pre-service teachers enter schools in which integrated curricula are
becoming the norm under current legislation, they must develop their skills in planning
integrative learning experiences (Adams et al., 2014). They must be able to draw connections
between content areas and provide learning experiences for their students to immerse themselves
deeply in the content.
Despite the time and effort it takes to integrate curriculum for students, integration is a
beneficial skill for pre-service teachers to master because it allows teachers to design meaningful
learning experiences in an efficient, real-world manner (Bybee, 2013; National Academy of
Engineering & National Research Council, 2014; Schmidt & Fulton, 2015). Bybee argues that
the over-arching goal of education is to prepare students for everyday life, and the situations
encountered in daily life typically require skills and knowledge that span multiple content areas
at once. Thus, integration provides an opportunity for students to draw from experience and
attach personal meaning to their learning. Additionally, given the current nature of elementary
schools in which a great deal of time is focused on math and language arts under No Child Left
Behind legislation, integrated teaching is a highly effective means for covering a vast array of
content in a minimal amount of time.
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As part of a doctoral dissertation, Hartzler (2000) conducted a meta-analysis of 30
individual studies on the effects of integrated instruction on student achievement, concluding that
students in integrated curricular programs consistently outperformed students in traditional
classes on national standardized tests, in state-wide testing programs, and on program-developed
assessments. In addition, Hartzler’s analysis indicated that integrated curricular programs were
successful for teaching science and mathematics across all grade levels and were especially
beneficial for students with below-average achievement levels. Hartzler’s findings are supported
by an assertion made by Bybee (2013), which states, “one thing we have learned from highachieving countries, namely those whom we generally see as competitors, is that they have high
levels of [integration] in their science and math curriculum” (p. 29). The integration of content is
one of the reasons cited by researchers such as Bybee and Hartzler as to why those countries are
excelling at rates with which the United States cannot match.
According to a 2003 study conducted by Koirala and Bowman, pre-service teachers are
much more likely to implement integrative teaching strategies within their curriculum if they are
exposed to this type of teaching as a student, particularly within their university methods courses.
Over the course of three years using surveying and interviewing techniques, Koirala and
Bowman studied 35 pre-service teachers and found that all of them came into their integrated
math and science methods course with the belief that integrated teaching methodologies were
valuable to student learning. All participants were highly motivated to utilize integrated teaching
strategies in their field placement classrooms, but became quickly discouraged upon the
realization that most school curricula are fragmented, making it difficult or impossible to
integrate math and science 100% of the time.
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Framework

The framework for the current study is based on constructivist teaching and learning
(Vygotsky, 1978). Using an adapted version of one of Bybee’s (2013) STEM models for
integration, this study’s framework serves as a foundation for preparing pre-service teachers to
integrate STEM content into their teaching. While other models of STEM integration are able to
delve more deeply into content than the proposed model, given the fact that pre-service teachers
are new to integration, this framework provides a platform for pre-service teachers to begin the
practice of incorporating STEM into their lessons. Specifically, pre-service teachers will begin
to elicit technology and engineering integration into their teaching, which is of great importance
since these areas are identified as gaps in the research. The lack of technology and engineering
representation in STEM will be discussed in a later section of this literature review. In addition
to providing a foundation for pre-service teachers who are new to integrating curricula, this
framework can be expanded upon for the professional development of in-service teachers to
work toward a more transparent integration of the content areas, as this will boost student
engagement and achievement (Bybee, 2013).

Constructivist Teaching and Learning
Educational theorists such as Dewey, Montessori, Vygotsky, and Piaget have long
pointed to experiential learning as the root of how humans learn (Anderson, 2002). Learning
through planned experiences with opportunities to analyze information and apply it in a realworld setting, known as constructivism, allows students to explore the many facets of the
scientific method and problem-solving process. In addition, constructivist teaching practices
have been proven to facilitate the higher-order thinking process and provide avenues for students
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to explore content with more meaning and depth in comparison to traditional teaching practices
(Weld & Funk, 2005).
When considering how STEM should be taught in the classroom, one must consider what
research has determined yields successful mastery of STEM-based goals and objectives in
elementary classrooms. With regard to teaching science content, Abruscato and DeRosa (2015)
suggest that students be provided with hands-on, experiential learning opportunities that allow
them to explore new realms of knowledge through real-world application. Research has shown
that constructivist practices provide highly effective teaching and learning opportunities in which
students are highly engaged and subsequently grow as learners (Bybee, 2013; Levitt, 2001; Lee
& Krapfl, 2002; Weld & Funk, 2005).

Research on Integration

As a foundational platform to STEM, numerous studies have been conducted within the
last decade examining pre-service teacher preparation with regard to integrating science and
math content into their instruction (Berlin & White, 2012; Frykholm & Glasson, 2005; Furner &
Kumar, 2007; Koirala & Bowman, 2003; Niess, 2005). These studies all focus on providing
meaningful learning opportunities for pre-service teachers to encourage integration and
collaboration within their classrooms. Because little empirical research on STEM integration
exists, these studies serve as an excellent starting point for researchers who wish to drive the
future of pre-service teacher STEM preparation.
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Preparing Pre-service Teachers to Integrate STEM

A lack of research on pre-service teacher preparedness for STEM integration indicates
the need for teacher preparation programs to shift existing paradigms to ensure that pre-service
teachers are able to enter the field fully-equipped to prepare students for their futures.
Specifically, there must be a concentrated focus on motivating pre-service teachers to put theory
into practice. Several researchers have explicitly called for a full integration of the four content
areas of STEM in an interdisciplinary manner within the elementary curricula (Brophy et al.,
2008; Bybee, 2013; Drake, 2012; Rockland, et.al., 2010). Because of this, pre-service teachers
must be provided with a foundational knowledge of content integration within their teacher
preparation program and they must be provided with learning experiences in which they are able
to put research into practice (National Research Council, 2012).
As a foundational platform to STEM, numerous studies have been conducted within the
last decade examining pre-service teacher preparation with regard to integrating science and
math content into their instruction (Berlin & White, 2012; Frykholm & Glasson, 2005; Furner &
Kumar, 2007; Koirala & Bowman, 2003; Niess, 2005). These studies all focus on providing
meaningful learning opportunities for pre-service teachers to encourage integration and
collaboration within their classrooms. Because little empirical research on STEM-specific
integration exists, these studies serve as an excellent starting point for researchers who wish to
drive the future of pre-service teacher STEM preparation.
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Practice What You Preach

Integration has been an important part of general education for at least a hundred years;
however, the application to teacher education has begun more recently according to Wright,
Sorels, and Granby (1996). The use of modeling within teacher preparation coursework is an
important component in helping pre-service teachers learn pedagogical skills through discussion,
experience, and practice (Dohrer, 1998). Several research studies have concluded that promoting
integration through modeling is a highly effective means for not only teaching integration, but
also in raising the perceived value of integration among pre-service teachers (Banks & Stave,
1994; Koirala & Bowman, 2003; Furner & Kumar, 2007; Moye, 2011; Schmidt & Fulton, 2015).
One can conclude from the findings of these studies that the same models for integration that
pre-service teachers are expected to use within the field should be modeled within the
coursework of their teacher preparation programs. This is appropriate not only in the sense that
university faculty should practice what they preach, but as previously mentioned, researchers
such as Vasquez et al. (2013) argue that any framework for curriculum integration can be
adapted and used at any level of education.

Promoting STEM Integration Abilities Through Content Preparation

Prior to teaching any content under the umbrella of the Common Core Standards
(National Governors Association, 2012) or the Next Generation Science Standards (Achieve,
Inc., 2013), pre-service teachers need content-based courses and related experiences to deepen
their understanding across the content areas (Drake, 2012; Kaiser & Kaiser, 2012; National
Research Council, 2012). Content courses and methods courses alike must strive to introduce
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pre-service teachers to a wide spectrum of content and processes necessary to gain expertise
within that specific area (National Research Council, 2012). Within these courses, instructors
should model appropriate methodology for teaching elementary students so that pre-service
teacher candidates can experience specific strategies through the lens of a student prior to
experiencing the strategies through the lens of a teacher. Just as modeling is considered best
practice for teaching elementary students (Bentley et al., 2007), it is also a useful strategy when
teaching adults (Fink, 2003; Knowles, Holton, & Swanson, 1998). Not only will modeling of
best practices guide pre-service teachers in thinking about what quality teaching looks like, it
will also provide them with the confidence that using best practices will lead to greater success in
teaching across the content areas, even those that are self-prescribed as more difficult to teach
(Colburn & Henriques, 2002).
In addition to developing content expertise across the curricula by taking rigorous
foundational coursework, pre-service teachers must also be exposed to explicit instruction on
curriculum integration by university faculty prior to being asked to engage in any form of
interdisciplinary planning either as part of course work or within their field experiences (Kotar et
al., 2002). Using the Common Core (National Governors Association, 2012) and Next
Generation science standards (Achieve, Inc., 2013) as a foundation upon which curricular
connections can be explored, pre-service teachers can begin to identify connections in the
curricula and identify areas upon which integrated lessons or units could be built based on their
understanding of how students think, what they are capable of doing (National Research Council,
2012).
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Promoting Abilities and Attitudes Through Planned Learning Experiences

After developing content-area expertise and developing an understanding of integration
theory, pre-service teachers enter their methods courses in which they will study learning
pedagogy and examine best practices for instruction in preparation for their field experiences. It
is during this period that pre-service teachers are able to begin planning learning experiences for
students based on the criteria outlined within the learning standards (National Research Council,
2012). This includes opportunities for pre-service teachers to design integrative lessons and
units that address the connections between the Common Core (National Governors Association,
2012) and the Next Generation standards (Achieve, Inc., 2013), including those related to
literacy, writing, technology, modeling, and 21st-century learning.
To mirror a highly effective teaching environment, pre-service teachers should be given
the opportunity to engage in collaborative planning experiences with their peers to design
interdisciplinary lessons and units (Kotar et al., 2002; Leonard, Boakes, & Moore, 2009),
specifically those that integrate the new standards (Adams et al., 2014; Rogers & Abell, 2013).
The connections between the Common Core (National Governors Association, 2012) and Next
Generation standards (Achieve, Inc., 2013) are challenging to teach without support from other
teachers, especially at the pre-service level (Stage et al., 2013). Because of this, pre-service
teachers can utilize models of co-teaching and team-teaching to learn from each other, support
each other, and engage in reflective discussions about their teaching practices (Drake, 2012;
Kotar et al, 2002; Vasquez et al., 2013).
After the collaborative planning experiences take place, pre-service teachers should be
given the opportunity to put research into practice within the classroom setting (Kotar et al.,
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2002). Because pre-service teacher candidates may be isolated from one another during their
assigned field experiences, co-teaching or team-teaching experiences should be embedded within
the curriculum for the methods courses (Adams et al., 2014; Dohrer, 1998; Kotar et al.; Niess,
2005; Wright, Sorels, & Granby, 1996). This allows the methods instructor to provide feedback
on teaching methodology, content integration, and overall assessment of the standards.
Additionally, allowing pre-service teachers the opportunity to work with real students rather than
having them plan lessons and units for fictitious groups of students is a motivational factor that
will boost their overall feelings of confidence in integrating the curriculum (Adams et al., 2014;
Yang, Anderson, & Burke, 2014). The experience of working with real sets of students comes
the opportunity for pre-service teachers to utilize assessment strategies and determine if their
integrated planning techniques have been successful (Adams et al.; Yang, Anderson, & Burke;
National Academy of Engineering & National Research Council, 2014).

Promoting General Perceptions of and Confidence in STEM Integration

An important factor to consider in preparing pre-service teachers to integrate STEM into
their instruction is how they perceive STEM education in general as well as their own abilities to
implement STEM-based strategies effectively. Many researchers have investigated pre-service
teacher perceptions on integrating science with other STEM content areas such as math or
technology (Berlin & White, 2012; Brown, Brown, Reardon, & Merrill, 2011; Davis, 2003;
Entertainment and Media Communications Institute, 2010; Frykholm & Glasson, 2005; Furner &
Kumar, 2007; Knezek, Christensen, & Tyler-Wood, 2011; Koirala & Bowman, 2003; Stohlman,
Moore, McClelland, & Roehrig, 2011). Consistently across each of these studies, pre-service
teachers have identified that content integration as an important initiative that increases student
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engagement and achievement. It has also been determined within these studies that pre-service
teachers generally do not possess a great deal of confidence in their abilities to integrate STEM
into their teaching. A flaw within the research, collectively, lies in the fact that they do not
encompass a clear definition of STEM education or integration from study to study (Vasquez,
Sneider, & Comer, 2013). Because of this, the question arises as to whether or not the results are
valid with so many variables present in defining STEM education and identifying its purpose in
education.
In a 2011 study conducted at Illinois State University examining the perceptions of 200
practicing teachers and administrators, researchers concluded that STEM education is not wellunderstood, even among practitioners and leaders within the field (Brown, Brown, Reardon, &
Merrill). This finding is surprising given the fact that some of the administrators who
participated in the study were leading schools who were implementing STEM-based programs
within their buildings. Additionally, the study found that the overall vision for STEM education
is also unclear. The findings of Brown et al.’s study carries with it the implication that preservice teachers who will be mentored by individuals similar to the 200 studied are particularly
at risk of burn-out and confusion when entering the field. The results of a survey given to 59
pre-service teachers by Hudson and Skamp (2002) support the claim that pre-service teachers are
especially vulnerable to being turned away from science-based curricular initiatives if their
mentors are not competent and supportive (National Academy of Engineering & National
Research Council, 2014). This research highlights the importance of clearly defining STEM and
preparing individuals to integrate it into their teaching.
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Conclusion

The future of STEM education is promising in the sense that based on the calls from the
federal government to increase students’ comprehension of STEM content, STEM will
undoubtedly become content in which teachers are not just encouraged, but expected to integrate
within their curriculum. This assertion is supported within the content of both the Common Core
Standards (National Governors Association, 2012) as well as the Next Generation Science
Standards (Achieve, Inc., 2013), both of which call for the use of curriculum integration to cover
a large amount of content in a meaningful way within K-12 classrooms. It is up to the leaders of
STEM, including political and educational stakeholders, to inspire and prepare future teachers to
integrate STEM concepts within their classrooms. By preparing elementary pre-service teachers
to integrate STEM into their teaching, the seeds of STEM will be more deeply cultivated within
the nation’s schools, allowing the United States to remain competitive, innovative, and globallyrenowned.
In the next chapter, the methodology of this study is presented. Details are provided
pertaining to the three-phase, longitudinal components of the researcher’s mixed-methodology.
Over the course of two semesters, data in the form of surveys, one-on-one interviews, and
document analysis will take place in order for the researcher to analyze the perceptions, abilities,
attitudes, and confidence of elementary pre-service teachers toward integrating STEM into their
instruction.

CHAPTER 3
METHODOLOGY

The purpose of this study was to examine the perceptions, abilities, attitudes, and
confidence of elementary pre-service teachers from a small, private, Midwestern university
toward integrating STEM into their instruction using an interdisciplinary approach. Beyond the
overview of research questions for this study, this chapter is organized into six sections. Each of
the six sections discusses a major component of the study’s methodology, including research
design, participants, data collection, data analysis, limitations, and summary.

Research Questions and Directional Hypotheses

This mixed-methods study answers the following questions:
1.

How do perceptions of elementary pre-service teachers who participate in STEMbased preparation correlate to their actual abilities to integrate STEM into their
instruction?

2.

How does participating in preparation for STEM-based integration affect
elementary pre-service teachers’ perceptions of STEM?

H1: STEM-based preparation will positively increase pre-service teachers’ perceptions of
STEM.
3.

How does participating in preparation for STEM-based integration affect
elementary pre-service teachers’ attitudes toward STEM?
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H2: STEM-based preparation will positively increase pre-service teachers’ attitudes
toward STEM.
4.

How does participating in STEM-based integration affect elementary pre-service
teachers’ confidence in integrating STEM into their instruction?

H3: STEM-based preparation will positively increase pre-service teachers’ confidence in
integrating STEM into their instruction.

Research Design

Because modern STEM-based initiatives such as those outlined by the National Research
Council (2012) are new to the field of elementary education, a broad base of empirical research
does not yet exist. As such, the base of research that exists with regard to elementary pre-service
teacher preparation for STEM integration is limited. The research that does exist is often
qualitative by design (Berlin & White, 2012; Brown et al., 2011; Gonzalez & Kuenzi, 2012;
Koirala & Bowman, 2003; Niess, 2005). What these studies, collectively, have often lacked are
definitive answers to quantify elementary pre-service teachers’ perceptions or attitudes toward
STEM, and they have failed to provide insight as to the actual abilities of elementary pre-service
teachers to design integrated STEM curricula. The current study sought to address the lack of
quantitative analysis and add to the existing body of qualitative analysis pertaining to pre-service
teacher preparation for STEM integration by utilizing a mixed-methods approach that
synthesized the two methodologies to look for correlations between the data.
Studies have begun to emerge recently that study elementary STEM integration through a
mixed-methods approach (Knezek et al., 2012; Nadelson et al., 2013; Schmidt & Fulton, 2015;
Stohlman et al., 2011). The benefit of a mixed-methodology approach lies in the researcher’s
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ability to examine both qualitative and quantitative data to create a complete understanding of
the topic (Creswell & Clark, 2011). Within a mixed-methods study, the researcher must take
into consideration the overall design of the study, the level of interaction between qualitative and
quantitative components, the priority of each type of data being collected and analyzed, and the
pacing of the study (Creswell & Clark).
This research design for this study was based on Creswell and Clark’s (2011) Convergent
Parallel Design. This approach generally provides a broader context of data than a qualitativeonly or quantitative-only study to address a wide range of research questions posed by the
researcher. Within the Convergent Parallel Design, quantitative and qualitative data are
collected concurrently, the data are analyzed separately, and the two data sets are then merged
during interpretation (Creswell & Clark). The rationale for this type of research has come from
the researcher’s desire to develop a deeper understanding of the pre-service teachers’ confidence,
perceptions, attitudes, and abilities pertaining to STEM integration that a quantitative-only or
qualitative-only study would not be able to fully provide.

Participants

The participants for this study included 12 elementary pre-service teachers from a small,
Midwestern, private university located approximately 35 miles southwest of a major city. All
elementary teacher candidates, whether participants in this study or not, are required to pass a
science and social studies methods course as part of the elementary teacher certification program
for grades K-9. During this semester known as the Intermediate Field Experience (IFE)
semester, all elementary teacher candidates are enrolled concurrently in half-day field
experiences and content-area methods courses as part of a “methods block” serving as
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preparation for the Advanced Field Experience (AFE) semester. During the AFE semester,
participants are enrolled in a full-day field experience and a Professional Growth Seminar course
during which they work on completing their final assessment portfolios for teacher certification.
The participants for this study were studied in three phases throughout their IFE and AFE
semesters. It is during the combined science and social studies methods course of IFE that
participants were be exposed to STEM education and curriculum integration, culminating with a
week-long, STEM-integration teaching experience at a local elementary partner school. The
teaching experience served as the foundation for the subsequent design of the final project for the
course, which involved the completion of the aforementioned STEM-integrated unit as well as a
component in which all students within the course were asked to create an additional set of
lessons that were not taught in the partner school due to time constraints of the partner school’s
schedule. The additional set of lessons were designed based on the candidates’ summative
assessment data to ensure student mastery of the content. Participants were followed
longitudinally throughout their IFE semester and into their AFE semester to determine if they
applied the techniques learned in IFE to their teaching during AFE.
12 participants participated in this study beginning in their elementary IFE semester (fall
2014) and continuing into their AFE semester (spring 2015). The sample was comprised of
mostly females (n = 10) with some males (n = 2), all ranging in age from 18-44. To introduce
the study to participants, an introductory letter (see Appendix A) was presented in the first week
of the semester by the researcher. The letter outlined the rationale and procedures for the study
and explained how the researcher would maintain participant confidentiality and anonymity
during the time in which the methods course took place. At this time, the researcher left the
room and a faculty member from the College of Education provided the participants with a
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consent form (see Appendix B). This allowed for students of the science and social studies
methods course to opt out of the study without fear that the researcher may have a bias against
them within the course as a result. The faculty member taught the math methods course within
the IFE methods block, and holds a doctorate degree as part of a tenured position as a full
professor.
12 students in the science and social studies methods course agreed to take part in this
study. Participants signed their consent forms, indicating their participation in the study. The
consent forms were then collected by the math methods instructor and were kept under lock and
key until the end of the fall 2014 semester, at which time they were turned over to the possession
of the researcher, who transferred the forms to a locked cabinet in the researcher’s home office.
The participants for this study were a part of an intact class and the Integrated STEM
Unit that served as the final project for the science and social studies methods course was an
embedded part of the course that all students were required to complete regardless of their
participation or nonparticipation in the study when consent forms were collected; however, one
participants was removed from the study after administrative removal from her field experience
and subsequently the methods block. A unique attribute to the elementary education program
was the fact that the three methods instructors in the IFE block were highly collaborative and
used this project as an opportunity to model co-teaching and integration strategies to the teacher
candidates. Thus, while the Integrated STEM Unit is assessed in the science and social studies
methods course, all methods instructors were available to review and students’ work and provide
feedback on best practices for integration of each specific content area. This study analyzed the
Integrated STEM Unit as a method of data collection and only used the data from the projects of
those students who agreed to participate in this study.
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Sampling Techniques

The sample of participants for this study were determined using multiple sampling
techniques. For the initial quantitative data collection, a convenience sample (Gravetter &
Wallnau, 2011; McMillan, 2008; Mertens, 2010) of 12 participants was used due to the fact that
the researcher also served as the methods instructor for the course within which this study took
place. Enrollment for the science and social studies methods course for the fall 2014 semester
included 13 elementary pre-service teacher candidates; however, although all 13 agreed to
participate in the study, one participant was removed from the study after Phase I due to her
administrative removal from her field experience placement and all methods courses for the
semester.
The qualitative participants were determined through a random sampling technique of
five participants by the faculty member who gave the initial surveys for the study. This
technique was used so that the researcher could remain unaware of who was or was not
participating in the study at the time the study began until the time that final grades were posted
for the science methods course. Of the 12 participants, five agreed to participate in the interview
component of data collection, thus, all five participants who volunteered were used as part of the
interview data collection. The names of these five participants were shared by the faculty
member with the part-time employee of the College of Education who volunteered to conduct
and transcribe the Phase I interviews. Thus, at the time the study began, the researcher was
unaware of who was or was not participating in the study and within what capacity.
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Longitudinal Involvement

It is important to note that because this study was longitudinal across two semesters of
the pre-service teachers’ elementary education preparation program, the possibility existed for a
cease in involvement into the AFE semester among some participants. Reasons for not
participating during the AFE semester could range from choosing to opt out of the study to the
participant not being allowed by the institution to continue in the elementary education program
based on performance, finances, or dispositional issues. Such was the case for one of the
original participants in Phase I who was removed from the education program by administration,
thus causing the final sample size for the study to include 12 pre-service teachers across all three
phases.

Context of the Program and Course for the Study

As part of the elementary education program at the university in which this study took
place, all pre-service teacher candidates were enrolled in a “methods block” during the first
semester of their senior year. Prior to the methods block, candidates took foundational education
courses and engaged in at least one field experience in their sophomore year known as Beginning
Field Experience (BFE), during which they observed and assisted in an elementary classroom.
During the interim between the BFE semester and the Intermediate Field Experience (IFE)
semester, all candidates are strongly encouraged to enroll in a practicum experience each
semester leading up to IFE. Although there are times when a candidate’s course load may not
allow them the time to commit to a practicum experience, almost all candidates do enroll each
semester as their schedules allow. The practicum experiences are similar in structure to the BFE
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experience, and they serve to provide the candidate with exposure to a wider variety of
classroom settings, including special education, Catholic schools, or English language
learner/bilingual settings.
The methods block, also known as the IFE semester, is an experience in which candidates
spend all day, every day immersed in the educational context of an elementary classroom or a
university methods course. Half of each day is spent in a methods class learning pedagogical
content and strategies for each content area. On Mondays, candidates are in a math methods
course. Tuesdays are reserved for the science and social studies methods course, Wednesdays
are for the reading and English language arts coursework, and on Thursdays, candidates take a
course in classroom management. The block of time for course work on Fridays is reserved for
various professional development opportunities or are to be used as work time on the various
projects assigned within courses. Candidates spend the other half of each day, Monday through
Friday, in their field experience, during which they are transitioned from observing to teaching
from their cooperating teacher’s lesson plans to planning and teaching their own lessons. The
field experiences are meant to support what is being learned in the classroom so that research can
be put into practice. The extent to which candidates are exposed to STEM in their field
experience placements as well as the quality of exposure is unclear at this time, as many schools
do not have STEM-specific initiatives in place yet or candidates may not be developmentally
able to identify STEM practices depending on their previous field experiences.
The course in which the study took place is a 16-week, three-credit hour undergraduate
methods course entitled, “Elementary Methods of Teaching Science and Social Studies.”
Participants spent two hours and forty minutes every Tuesday with the instructor learning about
the various skills, concepts and methodologies for science- and social studies-based teaching and
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learning. Currently, the course consists of approximately 70% science instruction and 30%
social studies instruction. This has traditionally been a long-running issue among instructors
who have taught this course, including the researcher, as social studies is not covered as
thoroughly as science based on the goals and outcomes of the course being heavier in the
sciences than the social sciences (see course syllabus in Appendix L). Additionally, the
researcher’s own passion and expertise is in the area of science more so than social studies,
therefore, science is the primary content area in the course. Another key component of the
science and social studies methods course is long-term planning and curriculum integration.
Thus, the integrative STEM unit, which is the focus of this study, was an excellent fit for this
particular course. At this time, there is little to no formal exposure to STEM elsewhere in the
teacher education program for native students, those who have spent their entire college career at
the university in which this study takes place; however, within the next five years, formal STEM
exposure is being built into the program for future candidates. Transfer students may have had
exposure to STEM depending on the college or university from which they transferred.
Bracketing the Researcher’s Experience

Because the researcher was the instructor for the course in which the first two phases of
this study took place, it was critical to bracket the assumptions, perspectives, and potential biases
the researcher may have brought into the study that could have influenced how the study’s data
were viewed during collection and analysis (Bogdan & Biklen, 2007; Fischer, 2009; McMillan,
2008). The researcher has been teaching in the field of education for the past eleven years.
Seven of these years were spent teaching science and social studies at the middle school level in
sixth through eighth grades. More recently, the researcher has transitioned into teaching at the
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university level. For the past four years, the researcher has taught elementary methods courses in
science, social studies, and classroom management at the small, private, Midwestern university
in which this study took place. Additionally, the researcher has served as a field experience
supervisor for elementary and secondary education teacher candidates in grades K-8. The
researcher’s teaching experiences have all been within the same geographic area in the suburbs
within 35 miles of a major city.
The researcher holds both a bachelor’s degree in elementary education and a master’s
degree in curriculum leadership. As one who holds an elementary teaching certificate for
teaching all curricular areas in K-5, the researcher is also highly qualified to teach science, social
science, and English language arts at the middle school level. Additionally, the researcher holds
a type 75 administrative certificate that was obtained as part of the researcher’s doctoral elective
course work.
Through all of the researcher’s experiences, the researcher has developed an educational
philosophy rooted in constructivist teaching and learning, which serves as an over-arching
component to the study’s framework (Abruscato & DeRosa, 2015; Anderson, 2002; National
Research Council, 2012; Weld & Funk, 2005). Science is an area of passion for the researcher
because science has been the dominant content area that the researcher has chosen to teach
throughout the researcher’s career, both at the middle school level and within university methods
courses. As part of bracketing the researcher’s experience, the researcher had to first recognize
the researcher’s own interest in the topic being studied (Fischer, 2009). It was as a middle
school science teacher that the researcher developed an understanding of the need for students to
gain exposure to the sciences, both in terms of development for high school and beyond, but also
to build the science-based skills that are a natural part of everyday life. Because of the
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researcher’s teaching area of expertise being science, the topic of STEM was approached through
a science-based lens. Consequently, science is seen as the primary and foundational content area
for this study.
The researcher’s constructivist-based framework provided the lens through which the
researcher was able to interpret the data that were collected (Fischer, 2009). Bracketing of the
researcher’s experience provided an opportunity for the researcher to engage fully in each phase
of the data collection process. As part of bracketing, the researcher began by reflecting on the
researcher’s assumptions about STEM integration, including the assumption that pre-service
teachers are often wary of science or math based content, thus increasing the likelihood that
STEM-based content might also be approached with trepidation. Additionally, the researcher
assumed that pre-service teachers would likely not be given adequate time in their field
placements to put STEM-based instruction into practice.
The researcher’s engagement in bracketing the researcher’s experience helped the
researcher to determine if there were any impositions of specific meanings within the qualitative
research process, and it also opened the reader to the researcher’s own perspective. The
researcher continuously revisited the assumptions pertaining to STEM integration throughout
each phase of the research design, taking care to reconsider earlier understandings and then
revise them as new understandings were gleaned (Fischer). This allowed the reader to approach
the data with an alternative perspective to add to a larger body of understanding (Fischer).

Data Collection

To qualitatively and quantitatively assess elementary pre-service teacher perceptions,
abilities, attitudes, and confidence of STEM integration, instrumentation in the form of surveys
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(see Appendices E, F, and G), a scoring rubric (see Appendix K), and interview frameworks (see
Appendices H, I, and J) were needed for this study. According to well-known STEM education
researcher Merrilea Mayo (personal communication, June 15, 2013), co-author of a seminal
report (Atkinson & Mayo, 2010) on fresh approaches to STEM as a means for boosting the U.S.
economy, there are a wide variety of instruments available that pertain to STEM education;
however, the number of such instruments explicitly targeted at teachers is very small. Even
smaller is the pool of STEM-based resources aimed at pre-service teachers. As such, many
studies on STEM education have included modified versions of existing instruments that are
designed to study content integration, teacher attitudes, teacher perceptions, or teacher efficacy
(Berlin & White, 2012; Brown, et al., 2011; Frykholm & Glasson, 2005; Nadelson et al., 2013;
Weld & Funk, 2005). This study used modified instrumentation that best suited its specific
concentration of elementary pre-service teachers’ perceptions, abilities, attitudes, and confidence
of STEM. Additionally, the instruments used within this study had an association with
integrative teaching through the lens of constructivism, a learning theory at the core of this
study’s conceptual framework.

Timeline

This study was conducted longitudinally in three phases over the course of two semesters
during participants’ senior year of their elementary teacher education program. Figure 3
illustrates the timeline for data collection within this study:
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Figure 3. Timeline for data collection.

Phase I consisted of a set of pre-test surveys (see Appendices E, F, and G) of all
participants at the beginning of the Intermediate Field Experience (IFE) semester (fall 2014)
during which the science and social studies methods course took place. The researcher did not
teach any of the elementary education candidates from this study in the semester after their
methods courses took place. To avoid researcher bias, the math methods instructor, who is a
tenured, full professor with a doctorate, handed out the consent forms (see Appendix B) to
participants after the researcher introduced the study using an introductory letter (see Appendix
A) at the beginning of the IFE semester. After introducing the study and answering any
logistical questions that the participants had, the researcher left the room as the consent process
took place. The consent forms of willing participants were collected by the math methods
instructor and they were placed in a locked filing cabinet by the math methods instructor, who
did not inform the researcher of who was and was not participating in the study until after final
grades had been posted for the course at the end of the fall 2014 semester.
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At this time, the math methods instructor also gave the pre-test surveys to the participants
and kept them in a locked filing cabinet until after final grades had been posted at the end of the
methods semester. The math methods instructor did, however, collect the intentions of five
potential interview participants and shared those participants' contact information with a parttime employee of the university who works exclusively with secondary education candidates and
had graciously agreed to conduct and transcribe the first round of interviews. The fact that the
interviewer only worked with secondary education candidates minimized any fear among
participants that what they said during their initial interviews would affect their relationship with
the interviewer in the future or the methods instructor, who was unaware of who was being
interviewed until after grades were posted at the end of the semester.
To ensure that the interviewer complied with and understood the measures within this
study to protect participants, the interviewer completed the CITI training required for researchers
at NIU prior to the start date of this study. The interview participants received an email from the
baseline interviewer using the recruitment script found in Appendix H, at which time the
participant and the baseline interviewer corresponded to set up an interview date, time, and
location on campus as chosen by the participant. After transcription, the identifying information
of the five interview participants was removed so the transcripts could be coded by the
interviewer to inform the remaining interviews in Phases II and III of this study.
For Phase II, a document analysis of a final Integrated STEM Unit project took place to
quantify participants' abilities to integrate STEM content and to determine if there was a
relationship between participants’ abilities and their perceptions of STEM. Because the
researcher did not know which students in the course were participating in the study at the time
of assessment, all projects were analyzed according to the assessment rubric found in Appendix
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K. Once the grades for the course were posted, the reseracher was made aware of those whom
had agreed to participate in the study, at which time it was determined that all rubrics for the 12
students in the class were used for this study, as all students agreed to particpate.
Additionally in Phase II, surveys (see Appendices F and G) were given by the researcher
after final grades had been posted for the course during an IFE completion celebration meeting.
At this time, the researcher also conducted follow-up interviews with the same participants from
the baseline interviews by contacting them via email with the recruitment script found in
Appendix I in the days just after the IFE completion celebration. The researcher corresponded
with each participant to determine a date, time, and location for the interview as chosen by each
participant. The interview protocol, found in Appendix I is based on the information provided
from the baseline interviews.
Phase III took place in the subsequent Advanced Field Experience (AFE) semester
(spring 2015), during which the researcher was no longer an instructor of the participants.
Surveys (see Appendices F and G) were given to all participants from Phases I and II during a
field experience round-up meeting in late March 2015, and individual interviews were conducted
with the same participants from the previous two phases in early April 2015. Interview
participants were contacted via an email with the recruitment script found in Appendix J. The
researcher corresponded with each particpant to determine a date, time, and location for the
interviews as chosen by each participant. This phase determined if and how the participants
applied the STEM integration techniques that were learned during the IFE science and social
studies methods course.
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Surveys

During the pre-survey phase of this study, a demographic survey (see Appendix E) was
provided to participants by the math methods instructor within Phase I of this study. The
purpose of the demographic survey was to obtain information pertaining to the covariates within
the population, including gender, ethnicity, and background experiences in each of the areas of
STEM. To address the research questions for this study, a two-part survey that combined the use
of two existing survey instruments (see Appendices F and G) was conducted in a paper-pencil
format during each of the three phases of this study. The math methods instructor conducted the
surveys within the first phase without disclosing any information to the researcher, and the
researcher conducted the surveys in the second and third phases of the study. Within each phase,
the survey itself was not changed so as to allow a comparison of the means across each of the
three phases.

STEM Semantics Survey

The STEM Semantics Survey (see Appendix F) was derived from research led by Knezek
et al. (2011) dating back to Knezek and Arrowood’s work in 2000 which used the Teachers’
Attitudes Toward Information Technology Questionnaire (TAT) that was developed to study
technology integration. As technology initiatives merged with STEM initiatives, Knezek et al.,
(2011) designed the STEM Semantics Survey, a five category survey in which participants rank
their perceptions of five semantic adjective pairs (e.g. boring to interesting or fascinating to
mundane) on a seven-point scale pertaining to each area of STEM and careers in STEM. The
STEM Semantics Survey has been frequently used since its development in a wide range of
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demographic studies researching STEM perceptions among middle school students, secondary
students, and both in-service and pre-service teachers over time (Knezek, et al., 2011; Knezek et
al., 2012; Tyler-Wood et al., 2010).
The STEM Semantics Survey was chosen for this study because of the researcher’s desire
to quantify pre-service teachers’ perceptions of STEM. Taking only ten minutes to complete, the
STEM Semantics Survey allowed the researcher to directly compare mean data of STEM overall,
the four individual content areas of STEM, and perceptions of STEM careers during the pre-test
and the post-test to assess the perceptions among the participants at the beginning of the methods
course and at the end of the methods course. In addition, use of the instrument allowed the
researcher to compare the data between the pre-test and post-tests to determine the effect of the
STEM professional development and integrated teaching experience on the perceptions of the
participants. The survey was also given during Phase III of this study to determine if the
perceptions of the participants changed as they completed their Advanced Field Experience
(AFE) prior to graduation. The instrument was given as a paper-pencil survey during each of the
three phases of this study.

Validity and Reliability

Internal consistency reliability for the STEM Semantics Survey ranges from .84-.93
based on a study of 174 participants from elementary students to teachers (Knezek et al., 2011).
These numbers range from “very good” to “excellent” categories according to criteria outlined
by DeVellis (1991) for evaluating the reliability of a survey. The content validity was
determined with input from stakeholders and external evaluators.
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An exploratory factor analysis was completed to determine construct validity using data
from a similar study by Bowdich (2009) to draw correlations between the previous data set and
the data collected and analyzed during Knezek et al.’s 2011 study. Upon extracting five factors
from the survey and comparing the data collected between the two studies, the items targeted for
assessing semantic perception of STEM content and STEM career interests were “most strongly
associated with the intended construct in every case” (Knezek et al., 2011, p. 352). To determine
discriminant validity, data were gathered to explore differences in the average scores for the five
groups who took the STEM Semantics Survey in the initial study for which the instrument was
tested, including middle school students, in-service teachers, pre-service teachers, principal
investigators and evaluators, and university teacher educators. It was determined that the
instrument is able to measure “stable psychological constructs with sufficient consistency” to
assess any changes in perceptions of STEM among groups of students or teachers over time
(Knezek et al., 2011, p. 355).

Science Teaching Efficacy Beliefs Instrument (STEBI-B)

Developed by Riggs and Enochs (1990), the Science Teaching Efficacy Belief Instrument
(STEBI) was designed to be used to study the self-efficacy of in-service teachers. They then
developed a modified version of the STEBI to be used with pre-service teachers known as the
STEBI-B (see Appendix G). The original STEBI that was designed to be used with in-service
teachers was then referred to as STEBI-A. The main difference between the two surveys is the
rewording of the items into the future tense for the pre-service teachers to allow the participans
to view the constructs in a different situational context. The STEBI-B, is a 23-question survey
with forward- and reverse-phrased items to measure teachers’ attitudes and confidence for
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teaching science. Within the survey, participants rate their beliefs about their abilities on a 5point Likert-type scale ranging from one (strongly disagree) to five (strongly agree) by
responding to items such as “I understand concepts well enough to be effective in teaching
elementary science,” or “I will continually find better ways to teach science.” The scale itself is
not meant to produce one summary score. 13 of the items on the survey are confidence
statements (items 2, 3, 5, 6, 8, 12, and 17-23), while 10 of the statements (items 1, 4, 7, 9, 10, 11,
and 13-16) measure attitudes. Because of this, data analysis should yield two separate summary
scores; one score represents confidence and the other representes attitudes.
As the instrument’s name suggests, the STEBI, versions A and B, have been used
exclusively to study in-service and pre-service science teachers through the lens of
constructivism (Bleicher, 2004; Hechter, 2011; Plourde, 2002; Sindel, 2010). More recently,
however, the STEBI-B has been adapted by researchers to study pre-service teachers’ attitudes
toward and confidence in teaching STEM (McDonnough & Matkins, 2010; Nadelson et al.,
2013). For example, in a study on pre-service teacher perceptions of STEM conducted by
Nadelson et al. (2013), the STEBI-B was modified by replacing the word “science” with the
word “STEM” on many of the prompts (e.g. “I wonder if I will have the necessary skills to teach
[STEM]”). The current study employed this same modification to the instrument to allow the
researcher to study the attitudes and confidence in STEM overall through the lens of
constructivism. The instrument was given in the form of a ten minute paper-pencil survey during
each of the three phases of data collection for this study.
The STEBI-B was used for the current study as a means to investigate both the attitudes
and confidence for teaching STEM-based content among elementary pre-service teacher
participants. Within this study, the researcher took care to be very clear in defining STEM and

63
articulating the focus of the study as a rationale for modifying the STEBI-B to examine preservice teachers’ atttitudes toward STEM and their confidence in integrating STEM into their
instruction. Similar to the study conducted by Nadelson et al. (2013), the researcher modified
the instrument by replacing the word “science” with “STEM” on many of the prompts. By doing
this, the instrument became one that allowed the researcher to examine confidence in and
attitudes toward STEM overall.

Validity and Reliability

Prior to launching into any major studies, a factor analysis of the STEBI was conducted
by Riggs and Enochs (1990) with 71 practicing elementary teachers to reduce correlational data
to a smaller number of factors. Through the analysis, it was determined that several items on the
questionnaire were too open to participants’ interpretations, as there was confusion over whether
or not the items were related to one’s own teaching or teaching in general. Knowing this could
skew the results if participants were responding to prompts based on their own efficacy or based
on the general practices of teachers in general, the questionnaire was revised with the help of
external reviewers. At this time, Riggs and Enoch (1990) began a major study involving 331
practicing elementary teachers in both rural and urban settings. Upon analyzing the data from
the study, internal reliability was determined to be .91, which is considered to be an “excellent”
rating of reliability according to DeVellis (1991).
To determine the validity of the instrument, Riggs and Enochs (1990) conducted a
Bonferroni comparison to determine if there were any significant differences between any of the
groups who took the survey. The comparison revealed that students who took four or more
science courses during their undergraduate teacher preparation programs had higher efficacy for
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teaching science than those who took three or less. There were no significant differences
between any other groups. For this reason, the integrity of the STEBI instrument’s validity was

Interviews

One-on-one interviews were conducted with a random sampling of five participants on
the university campus during Phases I, II, and III of this study. The same five participants were
used for each of the three interviews within this study. The Phase I interviews were conducted by
a part-time employee of the university who understands the structure of the programs, but who
works exclusively with secondary education candidates. The interviewer volunteered to conduct
and transcribe the Phase I interviews, redacting names and identifying information in such a way
so as to maintain participant anonymity until after the researcher had posted final grades for the
course. By obtaining access to only the pertinent information from the interviews, the reseracher
was able to use the data to inform the Phase II interviews without disclosing any identifying
information of the participants while they were in the researcher's class. The five participants for
the Phase I interview were the same participants interviewed during Phases II and III. The
researcher conducted the Phase II interviews after grades had been posted for the course and the
researcher also conducted the Phase III interviews during the AFE semester.
The interviews for Phase I lasted approximately 20 minutes, as the participants had a very
little schema or knowledge base from which to pull information for their interview responses.
The Phase II and III interviews lasted approximately one hour each and took place in a quiet
location on campus as chosen by the participant. All interviews were digitally recorded to allow
for the researcher to transcribe the data for in-depth analysis. During analysis for each phase of
the study, the Phase I interviewer served as the researcher’s code reviewer. After coding the data
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from each phase, the researcher would discuss the open coding procedures with the code
reviewer, who also read the transcripts to assist in identifying themes from the coded data (see
Appendix M, which includes the study’s master list of open and axial codes as verified within
the code reviewer check).
The framework of the interview protocol (see Appendices H, I, and J), described below,
examined elementary pre-service teachers’ perceptions of pedagogical philosophy, and was
modified to examine the perceptions of elementary STEM-based integration. The interview
protocol remained mostly consistent throughout each of the three phases of the study; however,
the data that were collected during each phase of the study constituted minor revisions of the
interview protocol as trends in the data emerged that the researcher wished to examine more
deeply.
Teachers’ Pedagogical Philosophy Interview

When researching qualitative instrumentation pertaining to elementary pre-service
teacher integration of STEM, the Teachers’ Pedagogical Philosophy Interview (TPPI; Fraser,
1994) was chosen for this study because it could be easily incorporated with elementary STEM
integration. The TPPI is an interview protocol that utilizes 10 questions through a science-based
lens to explore science teachers’ beliefs and actions with regard to inquiry-based instruction.
Within the protocol, participants answer open-ended questions such as, “In what ways do you
manipulate the educational environment to maximize student understanding?” Designed to be
used with teachers from all levels from pre-service to veteran, this instrument can be used in a
one-on-one interview setting or in a focus group. Fraser designed the instrument with the
intention that it would be used prior to professional development for curriculum integration.
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Other researchers have utilized the TPPI for similar studies as a pre-interview instrument or as an
ongoing means for collecting data throughout a study (Boiadjieva et al., 2009; Brown & Melear,
2006; Richardson & Simmons, 1994). The instrument can also be used as a framework for
multiple phases of post-interviews such as those outlined within the three phase timeline of this
study. Within this study, a random sampling of five participants were interviewed one-on-one
during each of the three data collection phases using an interview framework based on the TPPI
protocol (see Appendices H, I, and J) to suit the STEM-based pedagogy within the study’s
design.
The TPPI provides a research-based framework from which a qualitative interview
protocol can be created for this study. While the interview will need to be modified for each
phase of this study, it will allow the researcher to investigate the participants’ perceptions of
STEM, their attitudes toward STEM integration, confidence in using integrative approaches for
STEM, and their abilities for integrating STEM. As previously mentioned, the protocol has been
used in other STEM-based studies in the past. Because of this, it allowed the researcher to add to
the pool of research surrounding this instrument and draw comparisons between the proposed
study and other similar studies in the field.

Field Use of the TPPI

Within the study from which this instrument was developed (Richardson & Simmons,
1994), 12 participants from three cohorts were interviewed. The participants were at various
stages in their teaching careers, as some participants were currently enrolled in a teacher
education program for secondary science and others had previously graduated. In the process of
collecting, organizing, and analyzing data from the interview framework, lesson plan analysis,
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and classroom observations, a constant comparative approach was used to triangulate themes and
assertions from the data.

Document Analysis
To evaluate participants’ abilities to integrate STEM into a unit of study for elementary
students, it was important to have a quantifiable assessment instrument that measures STEM
integration competency that could provide evidence beyond survey or interview data. Doing so
allowed for the researcher to evaluate the STEM development within the teacher education
program being studied as well as compare the perceptions of pre-service elementary teachers to
their actual abilities to integrate STEM into their instruction. No single instrument in the
research literature was comprehensive in evaluating units on STEM integration; therefore, it
became necessary for the researcher to develop an instrument for this purpose.
As part of the science and social studies methods course within which the first two phases
of this study take place, elementary pre-service teachers were asked to work in small groups to
design an Integrated STEM Unit (ISU) to be taught for 40 minutes each day over the course of
one week (Monday-Friday) within a partner elementary school. The flexibility of the course
schedule for the Intermediate Field Experience (IFE) methods block allowed for this experience
to take place over five consecutive days. For the current study, five groups of two participants
each and one group of three participants designed the initial five lessons of a STEM-based unit,
using daily formative assessment data and reflection to inform instruction. These five lesson
plans for each group were assessed cumulatively using the analytical rubric found in Appendix
K; however, an individual component of the project took place following the teaching week to
assess participants’ individual abilities to integrate STEM. This allowed the researcher to
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scaffold the experience and gradually release responsibility of the planning component of the
unit from the small group to the individual. The individual component was assessed using the
same analytical rubric as the one used for the group component (see Appendix K) to allow the
researcher to draw parallels between the group performance and that of the individual.
To form the groups for the STEM Unit, the researcher asked the math methods instructor
to assign the groups, which is common practice in the methods block, as it is highly collaborative
and the instructors utilize co-teaching and cooperative learning on a regular basis that crosses
over into all methods courses. In following these procedures, the math methods instructor was
able to design groups in such a way that the researcher was unaware of who might or might not
be participating in the study, and all participants were working in different groups to allow for
greater diversity in the pre-services teachers’ experiences as they completed the project. All
students in the course, regardless of their participation within this study, were required to work
with a group on the design of the Integrated STEM Unit as well as complete the follow-up,
indvidiual component as part of the summative assessment for the course. Because the
reseracher was unaware of who may have participated in the study, all students in the methods
course were assessed using the analytical rubric for the iSTEM, and later, the rubrics for any preservice teachers who chose not to participate in the study would be removed from the data set
and shredded.
After the small group planning and co-teaching of the Integrated STEM Unit (ISU) took
place, candidates used their summative assessment data from their co-teaching week to design an
additional set of six lesson plans. The groups discussed their summative assessment results and
mapped out the scope and sequence of the next six lessons as if they were able to actually teach
them. Ultimately, each group member then designed and individually contributed two lesson

69
plans based on the curriculum mapping discussed by the group. The curriculum map was meant
for the purposes of lesson continuity from beginning to end so that the eleven-plan unit may be
utilized in the future for instructional purposes. Additionally, designing an eleven-plan unit also
allowed students to meet the outcome of engaging in long-term planning, which is part of the
course outcomes for the science and social studies methods course. The subsequent, individual
lessons were not taught in the partner school, but they were submitted to the instructor by the
group. Each group member was given an individual grade based on the content and quality of
his or her individual lessons. The rubric that was be used to assess the individual STEM
integration abilities of participants can be found in Appendix K.
The Integrated STEM Unit (ISU) was built upon the same framework as this study, and
the analytical rubric (see Appendix K) that was used to assess the unit within the course was
designed to assess unit planning, curriculum integration, and STEM-based inquiry. The rubric
allowed the researcher to evaluate the elicited ISU project that was intended to address several of
the outcomes of the science and social studies methods course as well as the research questions
for this study simultaneously (Mertens, 2010). The ISU was be completed throughout the course
and it was formally collected via hard copy during Phase II of data collection (at the end of the
fall 2014 semester). Because the researcher did not know which students in the methods course
were or were not participating in the study, all group projects and all individual projects were be
assessed using the analytical rubric. Once grades were posted and it was disclosed to the
researcher who was participating in the study, it was determined that all participants' rubrics
could be kept as part of the data collection for this study.
Because the IFE methods block is highly collaborative and co-teaching is used
frequently, specifically with the Integrative STEM Unit, all three methods instructors were able
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to see and give feedback on students' projects as they completed them throughout the semester.
After assessing the projects with the rubric in Appendix K, the other two methods instructors
reviewed the rubrics to make sure that the assessment of the researcher aligned with the
expectations of the other two methods instructors. Any questions or discrepancies were
addressed through the justification of evidence compiled by the researcher within the specific
unit in comparison to the criteria set forth within the rubric. The researcher and the other two
methods instructors were then able to reach clarity and consensus on the final scores for all
students.

Validity

Because the analytical rubric is researcher-designed, it had to be approved by an expert
panel consisting of three faculty members at the university within which this study was
conducted. One of the experts teaches multiple courses at the graduate level in educational
research and has experience conducting studies that utilize quantitative and qualitative
methodologies, including the use of analytical rubrics. Another expert teaches classroom
assessment at the graduate and undergraduate levels in which the design of valid and reliable
instrumentation for assessment is heavily discussed. Finally, the third member of the expert
panel has taught the science and social studies methods course in the past at both the graduate
and undergraduate levels and has designed assessment rubrics that examine pre-service teacher
candidates’ abilities to design curriculum that incorporates scientific inquiry and interdisciplinary
methodology. The rubric, approved by the panel, served as a means for quantifying pre-service
teachers’ abilities to design curriculum and integrate STEM into their instruction.
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Alignment of Data Collection Strategies to Research Questions

Instrumentation in the form of surveys, interviews, and document analysis were chosen as
data collection strategies that aligned to the specific research questions for this study. Three
different data collection strategies were used for the purpose of synthesizing and triangulating
the data during analysis to ensure consistency and validity through multiple means. Table 1
depicts the alignment of data collection strategies to the research questions for the study, and it
also illustrates how each of the variables within the study were addressed within a mixedmethods research design.
Table 1

Research Question #1: How do the perceptions of elementary preservice teachers who participate in a STEM-based preparation relate
to their actual abilities to integrate STEM?

Research Question #2: How does participating in STEM-based
preparation affect elementary pre-service teachers’ perceptions of
STEM?
H1: STEM-based preparation will positively affect elementary preservice teachers’ perceptions of STEM.
Research Question #3: How does participating in STEM-based
preparation affect elementary pre-service teachers’ attitudes toward
STEM?
H2: STEM-based preparation will positively affect elementary preservice teachers’ attitudes in integration STEM into their instruction
Research Question #4: How does participating in STEM-based
training program affect elementary pre-service teachers’ confidence
in integrating STEM into their instruction?
H3: STEM-based preparation will positively affect elementary preservice teachers’ confidence in integration STEM into their
instruction

Perceptions,
quantitative
(STEM
Semantics
Survey)
Perceptions,
quantitative
(STEM
Semantics
Survey)
Attitude,
quantitative
(STEBI-B)

Perceptions
& Abilities,
qualtitative

Confidence,
quantitative
(STEBI-B)

Confidence,
qualitative

Perceptions,
qualitative

Attitude,
qualitative

Document
Analysis

One-on-one
interviews

Surveys

Alignment of Research Questions and Directional Hypotheses to Instrumentation

Abilities,
quantitative
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Data Analysis

Quantitative Data

The quantitative components of this study took place in the form of a survey consisting of
two instruments across all three phases of data collection and a document analysis within Phase
II of data collection. The survey provided quantitative insight into participants’ perceptions,
attitudes, and confidence in integrating STEM. The remaining variable within the study, abilities
to integrate STEM, was analyzed through document analysis using an analytical rubric. The
analytical rubric assessed an elicited project within the science and social studies methods
course. The document analysis served to quantify the actual abilities of pre-service teachers’ to
integrate STEM into their instruction so that the data could be compared to perceptional data
measured by the STEM Semantics Survey.
Descriptive, inferential, and correlational statistics (Gravetter & Wallnau, 2007; Mertens,
2010) were used to analyze the data within the quantitative components of this mixed-methods
study. Descriptive statistics allowed the researcher to examine the overall means for perceived
value of STEM among participants, what the participants’ attitudes were toward integrating
STEM, and how confident participants were in integrating STEM. Descriptive statistics were
used to summarize the data on each of the variables for this study (perceptions, abilities,
attitudes, and confidence) through measures of central tendency, including mean, median, and
mode (Mertens). Inferential statistics in the form of Kruskal-Wallis tests and 95% confidence
interval for independent samples were used to examine the changes in mean perceptions,
attitudes, and confidence over time for research questions #2-4. Correlational statistics provided
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insight as to the relationship between the variables of abilities and perceptions outlined in
research question #1.

Qualitative Data

The qualitative components of this study took place in the form of one-on-one interviews
during all three phases of data collection. The data were analyzed after each collection while the
information that was gathered was fresh. This allowed the researcher to begin drawing themes to
build upon in future phases of the study (Bogden & Biklen, 2007; Creswell & Clark, 2011). The
interviews within each phase of the study provided insight as to participants’ perceptions,
abilities, attitudes, and confidence in integrating STEM into their instruction.

Steps of Qualitative Analysis
Several steps were followed in the analysis to ensure the integrity of the researcher’s
interpretation of the data. Bogden and Biklen (2007) and Kvale and Brinkman (2009) informed
the procedures the researcher followed in the qualitative analysis steps presented in Table 2
below. To maintain focus within the qualitative analysis, the researcher kept the variables within
the four research questions of this study—perceptions, abilities, attitudes, and confidence—at the
forefront of all discussions.
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Table 2
Steps of Qualitative Analysis
Action Item
Conduct Interviews

Transcribe the Data

Redact Identifying
Information

Member Check

Open-coding
Code Reviewer Check
Revise Codes;
Review Open Codes
Axial and Selective
Coding

Interpretation

Triangulation

Description
Five interviews were conducted within each phase of data collection.
Phase I Interviews were conducted by an external interviewer to
protect anonymity of the participants; Phases II and III were
conducted by the researcher
After interviews were complete, the interviews were transcribed
using Inqscribe software (Phase I by part-time employee of the
university; Phases II and III by the researcher).
All identifying information for participants was redacted and only a
coded identifier was used. The identifier was not shared with the
researcher until after final grades had been posted prior to Phase II so
the researcher could engage in analysis to inform Phase II interviews.
Transcripts were sent to the participants via email to offer the
opportunity to clarify or more deeply explain their responses. No
participants in any phase offered any changes or additional
information.
Data were reviewed several times and concepts or themes that
emerged were chunked into open codes
Discussed findings with the code reviewer, who was the same
individual who conducted the Phase I interviews
Revised or maintained the master list of codes based on the
discussion with the code reviewer
Major categories of the open codes were created as relationships
among the open codes were identified; core variables that include all
of the data were identified by examining the connectivity of the axial
codes via selective coding.
Considered the connectivity of participants’ responses within each
phase by cutting coded statements from the transcripts and storyboarding them on wall-sized bulletin boards to examine the
interconnectedness of the themes; wrote analytical memos and
summary notes after each phase of data collection to keep note of
findings over time; utilized robust descriptions of the raw data while
considering the overall meaning
Revisited the quantitative data set and integrated the quantitative and
qualitative elements of this study during final cross-case analysis
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As the data were collected and transcribed, the researcher began open coding procedures
for each variable of the study, allowing the opportunity to code for any additional themes that
emerged that may have arisen in the natural flow of the conversation (Bogden & Biklen, 2007).
At the end of each phase, the researcher engaged in a discussion of analysis with an external
code reviewer who was the same individual who had conducted the Phase I interviews. This
individual was a natural choice in the sense that she had engaged in the face-to-face discussion
with participants in Phase I, so she already had a deeper perspective as to the thoughts and
feelings of the participants. The researcher designed a list of codes and provided that list to the
code reviewer, who then read through each of the five transcripts for Phase I to gain a better idea
as to the frequency of codes and whether there were any themes that were either misinterpreted
or missed entirely. When the code reviewer had finished her evaluation of the data, she and the
researcher engaged in discussion, and modifications to the open-code list were noted, if any, at
which point the researcher began deliberately re-coding the data into axial codes to later draw
conceptual themes.
The same process that was described for Phase I analysis was employed for Phases II and
III. The researcher transcribed the data and engaged in open coding, adding to the list of codes
created for Phase I. The code reviewer then spent time reading through the transcripts to ensure
that the interpretation of themes was accurate and that they occurred frequently enough to justify
their inclusion on the master code list (see Appendix M) as it evolved from the fifteen interviews
across all three phases of this study. In other words, at least three of the five participants needed
to speak about a certain code for the code to be considered a relevant theme for the cross-case
analyses presented in Chapter 4; however, certain codes that were individual to one or two

76
participants may have still been included within their biographical sketches if the code fell within
the realm of one of the four research questions.
Once codes were validated and rich themes emerged, the researcher began writing
summary notes and analytical memos to draw more detailed themes and patterns from the coding
(Bogden & Biklen, 2007). Bogden and Biklen describe analytical memos as field notes which
serve as think pieces to guide the research and allow the researcher to further refine the process
of analysis. They allow the researcher to begin addressing “breakthroughs or new ways of
thinking about prior assumptions” (Bogden & Biklen, p. 123).

Summary

This chapter presented the methodology that was used for the study. The methodological
discussion first explained the Creswell and Clark’s (2011) Convergent Parallel design for mixedmethods research. The bracketing of the researcher’s experience was also described as a means
for identifying how the researcher’s vested interests in the study might influence the data during
analysis (Fischer, 2009). Next, detailed explanations of the data collection and analysis
procedures through surveys, interviews, and document analysis were given as well as a
discussion of the validity and reliability of the chosen survey instruments. The data analysis is
intended to provide insight into the research questions and provide results that will inform
elementary pre-service teacher preparation for STEM integration. In the next chapter, the data
collected are summarized and the findings of the study are discussed.

CHAPTER 4
FINDINGS

This mixed-methods research study examined elementary pre-service teacher preparation
for STEM integration. Within this chapter, participant demographics are presented, followed by
in-depth biographical sketches of the five interview participants. Then, the mixed-methods
findings for each research question are presented within a cross-categorical analysis using the
quantitative findings from the larger group (n = 12) and the qualitative findings from the
interview participants (n = 5). Before addressing the study’s research questions, descriptions of
the participants are presented.

Participant Demographics

The participants for this study included 12 elementary pre-service teachers. Table 3
provides demographic information about the 12 pre-service teachers who completed all three
phases.
Half of the participants were considered “native” students (i.e. having completed all of
their college education up to the time of this study at the university in which this study took
place). The other 50% were “transfer” students, those who had fulfilled coursework at a
community college prior to attending the university.
The five pre-service teachers whose identities are shaded in Table 3 provided unique
perspectives as to their perceptions, attitudes, confidence, and abilities to integrate STEM into
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their instruction. Within each of the three phases, those pre-service teachers reflected on their
experiences and allowed the researcher to gain further insight in order to answer the research
questions. The detailed biographical sketches of each of the five pre-service teachers are
provided and include a description of their personalities, prior experiences with STEM
integration, and field experiences.
Table 3
Participant Demographics
Study ID
Age
Gender
Ethnicity
Student Status
Chad
25-34
M
Caucasian
Transfer
Dawn
18-24
F
Caucasian
Transfer
Sarah
18-24
F
Caucasian
Transfer
Jennifer
18-24
F
Caucasian
Native
Karina
18-24
F
Caucasian
Native
A2257
18-24
F
Caucasian
Transfer
K0990
35-44
F
Caucasian
Transfer
M3179
18-24
M
Caucasian
Transfer
B1911
18-24
F
Caucasian
Native
C1870
18-24
F
Caucasian
Native
J2530
18-24
F
Caucasian
Native
R1774
18-24
F
Caucasian
Native
Note: The shaded part of the table indicates those who participated in the qualitative portion of
the study along with their assigned pseudonym.

Individual Biographical Sketches

Dawn

Dawn was a 21-year old, Caucasian, elementary education major who described that she
had known her whole life that she wanted to be a teacher. Her disposition was very kind-hearted
and soft-spoken, but beneath the surface, Dawn was extremely motivated and had quite a
competitive drive with herself and her peers. Dawn always arrived to appointments early and
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stayed as long as necessary to get the job done, even if it meant foregoing her own personal time
to do so. She was known for putting the needs of others, especially her students, ahead of her
own as well as painstakingly mulling over every last detail of her work. Should she finish early,
she used the remaining time to refine whatever she could, and during her interviews, she has
said, “There is always room for improvement. I want to be the best version of me that I can be”
(Phase II interview).
Meticulously organized down to the color-coded tabs on her binders and coordinating gel
pens and highlighters, no detail was overlooked as she meticulously poured herself into whatever
task that was placed in front of her, whether it was a project for a university class or a lesson plan
for the field. Dawn did not just strive for an “A,” but for a grade of 100%. Her competitive
nature came out with a few of her like-minded peers, such as when she and a classmate once had
a friendly bet of five dollars in a previous class as to who would receive the highest score on an
assessment. Dawn won the bet.
Dawn commuted to the university from a nearby suburb where she grew up
approximately 30 minutes from campus. She attended private, Catholic institutions her whole
life from Kindergarten through high school, so attending the small, private, Catholic institution
in which this study took place was a natural fit for her. She carried an impeccable grade point
average throughout high school and community college, a trend which has continued into her
senior year of college. Living at home with her parents and younger sibling, Dawn received a lot
of help and support from her parents, including meal prep, household chores, and bills so that
Dawn could forego working at a part-time job and focus solely on her academics.
Interestingly, even though Dawn had attended private, Catholic institutions her entire life,
she was more interested in teaching in a public school upon completion of her degree. There
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were several instances within her interview sessions in which in which she expressed disinterest
in pursuing a career in a private school setting. When considering her future as a teacher, she
explained that she does “not want to teach anywhere that is old-school like the schools [she]
went to” (Phase III Interview). Dawn perceived Catholic schools as more rigid and less
progressive than public schools. During her Phase I interview, she explained:
I went to private school, and so I don’t think it was really like [public school] as far as
what we learned and how we learned. It was all separate and very traditional. It was a
lot of quiet, seat work…working independently, answering questions where the answers
could be found right there in the textbook. It was more about being rigid and going
through the routines day to day than it was getting our hands dirty and exploring.
(Dawn, Phase I Interview)
Dawn justified her perceptions as being due to the extensive amount of time she spent in private
schools as a student. Her field experiences in the private sector also informed her perceptions.

Prior Experiences with STEM and Integration

In all three phases of the study, Dawn articulated during the interviews that she felt she
had little to no exposure to STEM leading up to Phase I. As a young student, Dawn used the
word “compartmentalized” to describe how the curricula were presented to her within K-12 and
beyond. In Phase I, Dawn explained:
When it was math time, we did math. When it was writing time, we wrote. When it was
social studies time, that’s what we learned. I don’t remember any cross over to speak of.
I don’t think we ever did that. We followed a pretty regimented schedule where the
whole school day was like a check list. Once we were done learning math, math time
was over and that was it for the day. (Dawn, Phase I Interview)
Because of this, as Dawn explained, she arrived in her methods semester with a bit of trepidation
for STEM. She seemed to feel slightly inadequate with regard to her preparation for being able
to implement STEM:
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I had no idea what STEM was prior to this semester. I had a standard, ‘no bells and
whistles’ type of K-12 experience, and I just had the basic college courses. I don’t think I
ever really experienced STEM as a student at any point. Maybe a little bit in high school
or college…I don’t know. I never knew what to look for, so maybe I could have, but it
wasn’t anything that was different enough to be memorable. I definitely never
experienced anything STEM-related in elementary school. That I know for sure without
a doubt in my mind. So, all of that combined…it made me really nervous about this
whole STEM thing when I started learning about it in my methods course work. (Dawn,
Phase II Interview)
When analyzing the previous STEM-related coursework provided by Dawn in the Phase I
demographics survey in which she listed all of the STEM-related courses she had taken at the
college level, it was immediately apparent that Dawn had no stand-alone experiences with
engineering content. She took the minimum number of two science courses (geology and
biology) and two math courses (math for teachers I and II) to receive elementary licensure from
the state, all four of which were taken at the community college from which she transferred.
Additionally, she took an education-based instructional technology course at her community
college prior to attending the current institution. According to Dawn’s perception, at no point
did she feel that STEM or curriculum integration were apparent enough that she knew if they
were being addressed within those courses, although she recognized that she had had some
exposure to compartmentalized science, technology, and math within her general education
coursework.

Field Experiences

Dawn had a variety of field experiences leading up to and during this study. While
attending community college, she completed her initial Beginning Field Experiences (BFE) in a
variety of classrooms spanning grades kindergarten through fifth grade. These experiences were
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observational in nature, although Dawn was able to spend time interacting with students and
assisting small groups during the cooperating teachers’ instruction.
After transferring to the university, Dawn continued her major course work and then
completed her half-day Intermediate Field Experience (IFE) and full-day Advanced Field
Experience (AFE) throughout the duration of this study. Her IFE experience was completed in a
5th grade classroom at a local private school, while her AFE experience was completed in a 1st
grade classroom in a nearby public school.

Chad
At 26 years old, Chad’s journey to education was a non-traditional one. After growing
up in the community surrounding the university where the study took place and graduating from
high school with honors, Chad pursued a career path as an infantryman in the Marine Corps. For
the next five years, Chad served in a variety of capacities in the service, including a yearlong
tour of duty in combat in Afghanistan.
Chad always knew he enjoyed working with children, and he often found himself
interacting positively with the children of Afghanistan during patrol duties during his overseas
tour. That is not to say that his deployment was easy; Chad has served alongside other soldiers
who were killed or seriously injured as a result of their combat operations. As a result, he
described a difficult transition back to civilian life when his military career ended. Chad
explained in his Phase II interview that he found his greatest joy in working with elementary
students “because they are so positive, so funny, and it’s so inspiring to feel like I can help them
to be better people in some way. They undoubtedly make me better, too. It’s win-win. I love
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it.” Working with children, Chad cited, was what eased his transition back to civilian life the
most.
A consummate professional, Chad’s disposition was rather quiet and shy, but he was no
stranger to hard work. He was always willing to put in as many hours as needed to do a job to
the best of his ability, no matter how mundane the task may have been. Children were drawn to
Chad and responded well to the positive male presence he provided in their lives. In a classroom
setting, Chad was known for supporting and encouraging his peers, and he was highly regarded
by them as a result. Chad had excellent rapport with the professors with whom he had worked,
and while he sometimes doubted himself and feared that his approach to education may have
been “too structured or too rigid” (Phase II Interview), his field experience supervisors and
cooperating teachers consistently gave him glowing reviews.
On a personal level, Chad was extremely close with his parents and siblings, all of whom
lived in the immediate area of the study. He chose not work during the school year so that he
could focus solely on his mission of completing his degree as quickly as possible, relying on the
money from his G.I. bill to help pay for his tuition and the money from his summer jobs doing
manual labor to pay his personal bills.

Prior Experiences with STEM and Integration

At the onset of this study, Chad explained within his Phase I interview that he had very
little exposure to STEM leading up to Phase I. He explained it this way:
Growing up, I’m sure there were probably some connections to STEM in my
experiences, but it’s weird when you’re younger, you don’t really look at it that way; you
just do what the teacher tells you to do. It was never spelled out to us if we were doing
anything STEM-related, and I’m sure they didn’t call it STEM if we did do it. It seems to
me like STEM is supposed to join those areas together, and I can’t remember any
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experiences I had where the content areas were being combined together purposefully or
anything. (Chad, Phase I Interview)
In his Phase II interview, Chad went on to explain what his day-to-day experiences in the K-12
setting looked like:
Across the board when I was growing up, K-12 was strictly science, math, language arts,
social studies, technology, art, music, and they were all presented to us in a very
compartmentalized way. They didn’t cross over into each other at all and we didn’t
revisit the things we were learning about at different points throughout the day. I don’t
think we had any engineering at all. Maybe we did with things like building models or
something like that, but whatever connections that may have existed were loose ones at
best. (Chad, Phase II Interview)
Chad described himself as “not a science person, not a math person, not a technology person, and
not an engineering person” with an uncomfortable chuckle. As a result, he chose to “take the
minimum science and math requirements to graduate” (Phase I Interview). When asked in Phase
II about his general education requirements for his teaching degree as part of his preparation for
STEM integration, Chad reflected:
I feel like my gen eds were great in the sense that they helped build up my knowledge
base, but when it came down to teaching, the gen eds didn’t help me at all. Even with the
content, I was learning about stuff that was so much deeper than I would ever have to go
with elementary students. That’s not to say it wasn’t meaningful to me as a person; it just
didn’t apply as directly to my career. To know how to teach STEM, especially to
elementary students, you don’t learn that in your gen eds. The education courses and my
science methods course, that’s what really pulled that together for me. But in terms of
gen eds, it seems like there is a little bit of a gap in there between what we need to be able
to do in the field and what we are technically supposed to do to meet the requirements to
graduate. (Chad, Phase II Interview)
When analyzing Chad’s course work from the demographics survey given in Phase I, the data
indicated that all of Chad’s general education requirements were met at a local community
college, where he took biology and chemistry, instructional technology, and math for teachers.
He had no explicit engineering courses.
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Field Experiences

Chad had a variety of field experiences up to and during this study. Chad attended a local
community college where he completed his initial Beginning Field Experiences (BFE) in a
variety of classrooms spanning grades kindergarten through fifth grade. These experiences were
observational in nature, although Chad was able to spend time interacting with students and
assisting small groups during the cooperating teachers’ instruction.
After transferring to the university, Chad continued his major course work and then
completed his half-day Intermediate Field Experience (IFE) and full-day Advanced Field
Experience (AFE) throughout the duration of this study. Both Chad’s IFE and AFE experiences
were completed as part of a year-long internship. Because of this, he remained in the same 4th
grade classroom in a neighboring public school district for both semesters. This opportunity is
offered by the university to students who seek a more in-depth experience spanning a full school
year with the same cooperating teacher and students, allowing them to experience the entire
scope and sequence of a full academic year in their final field placements.

Jennifer

At age 22, Jennifer has lived her whole life in the community surrounding the university.
A vivacious woman, Jennifer’s sense of humor and jovial interactions with others have allowed
her to develop excellent rapport with her peers, instructors, and cooperating teachers. Most
importantly, Jennifer was highly regarded by the students with whom she worked. On a personal
level, she lived at home with her parents with whom she was extremely close. Jennifer was also
very close with her two older siblings, both of whom lived outside of the family home. Jennifer

86
graduated from a neighborhood public high school and chose to attend the university which she
described as “in my backyard” for her undergraduate education. She commuted approximately
ten minutes and felt an attachment to the university and her surrounding community.
Jennifer explained in her Phase II interview that her students were surprised to hear that
she lived in the same community in which they lived. She described a moment in which they
told her that she “did not look the type,” which she found to be quite comical because of how
closely her identity is entwined with the community (Phase II interview). She worked her way
through college as a waitress at a nearby restaurant; however, once she began her senior year, she
significantly cut back on the number of hours she worked to accommodate for a heavier schedule
and work load that accompanied the IFE and AFE semesters.
Jennifer’s experiences in private and public schools had not influenced her direction
pertaining to jobs she wanted to pursue after graduation. Rather, she said she identified with the
middle school grades the most. She described her perspective this way:
The learning feels more complex, and I also enjoy their sense of humor and the fact that
they are at a stage in their life where everything is changing. I like to work with them as
they figure things out. (Jennifer, Phase II Interview)
Because of this, Jennifer hoped to work in the community from which she grew up, not only
because she felt it was her “home,” but also because she felt she had a “better sense of purpose”
in working with children in high-needs schools like those that were within the surrounding area.

Prior Experiences with STEM and Integration

When describing her K-12 experiences as a student during her Phase I interview, Jennifer
described a compartmentalized curriculum with individual touches on the content areas of
STEM.
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Looking back, I would just have a math class or a science class or a computer class…
None of them were blended together in any way. I’m sure there were maybe some math
concepts covered in a science class because, like, in physics, for example, there is a lot of
math. Everything was separate, though. We had time for each subject, and they didn’t
flow together or anything. (Jennifer, Phase I Interview)
Unique to Jennifer was the fact that she was the only participant within this study to have had an
explicit engineering experience in K-12 or college. Because Jennifer had early career aspirations
in architecture, she sought out and took a computer engineering class as an elective in high
school. Jennifer described the experience this way:
I took an engineering class in high school because I wanted to be an architect and my
high school offered a computer engineering class, so I took it. I was the only girl, so it
was really awkward, but you know, that’s what I wanted to do. It was weird to be the
only girl, but whatever. That’s not what made me steer away from it at the end of the
day. It was more that I realized that I didn’t like the computer part of architecture. I
liked drawing on paper, but I didn’t like drafting on a computer. Technology isn’t my
thing, I guess you’d say. (Jennifer, Phase II Interview)
It was in her senior year of high school that Jennifer decided she wanted to move away from
architecture and instead pursue a career in teaching. She had always enjoyed working with
children and she loved math, so she decided to enroll in an elementary education program with
middle school math licensure. Jennifer took a variety of upper-level math courses and passed
them successfully, affirming with each course that math was her favorite content area. Science,
however, was an area in which she felt unsure. Because of this, she sought out opportunities that
she perceived to be helpful toward her career by enrolling in both of the “science for educators”
courses offered at the university to cover her required general education science course work.
She articulated in Phase II:
Thinking about the experiences I’ve had in college leading up to IFE with regard to
STEM, I had the basic gen eds in every area but math. I took a lot of math! I decided to
take the two science for educators courses for my sciences and those ended up being
really good. I felt more prepared to walk into a science methods course knowing that I
had already taken a biology course and a physical science course that were targeted
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toward helping me to get what I needed for my gen eds and also getting my feet wet with
teaching science. I hadn’t seen it in the field yet or anything, so it was really the first
time I ever saw [science] in a classroom since I had been a student myself. I feel
like…between those two classes, we learned a lot about the different areas of STEM,
although the STEM areas were never actually put together as a cohesive thing until IFE
in methods. They were a good building block, but it didn’t really come full circle for me
until the methods block. (Jennifer, Phase II Interview)
Jennifer perceived the science for educator courses as being beneficial components of her teacher
education preparation; however, this assertion was not validated until she compared her
experiences to those of her peers who had transferred from other institutions.

Field Experiences
Because she was a “native” student to the university, all of Jennifer’s field experiences
leading up to and during this study were completed as part of the teacher education program for
the university in which this study took place. Jennifer’s initial Beginning Field Experiences
(BFE) were completed at a local partner elementary school of the university, and Jennifer was
able to see a variety of grade levels and content areas, although she described in Phase I that
science and social studies were areas that she “rarely, if ever” got to see. The BFE experiences
were observational by nature, and Jennifer was able to interact with students and teachers and
assist small groups when applicable.
Jennifer’s half-day Intermediate Field Experience (IFE) and full-day Advanced Field
Experience (AFE) were completed throughout the duration of this study. Her IFE experience
was in a 3rd grade classroom in a local, high needs partner school, and her AFE experience was
completed in a local, high needs junior high school in a 6th grade math classroom.
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Sarah

Sarah was a 22-year old young Caucasian woman from a rural town approximately 30
minutes from campus. She was outspoken, headstrong, and decisive, with a sense of humor
sized to match her strong personality. While her method of communication could sometimes
come off to others as brash, she had good intentions and saw herself as assertive and highly
competent. Sarah was a rookie in the field by her own definition; however, she could be highly
influenced by negative attitudes of her peers or practicing teachers in the field with whom she
interacted.
Living at home with her parents, Sarah stayed somewhat close with her older sister who
lived outside of the home. Sarah was a lover of animals and down time, although she did not
seem to slow down due to her work obligations. In fact, Sarah worked upwards of 40-hours per
week throughout her entire college experience to try to keep up with the demands of her endless
pile of bills that came in for her car, tuition, textbooks, or classroom supplies. This caused Sarah
to experience high stress levels, and at times, she fell behind with course work. She cared a great
deal about her education, but she was also skilled at knowing exactly what she needed to do to
achieve her desired score or grade in a course. Time and exhaustion were Sarah’s worst
enemies. In fact, although many students chose to make arrangements to work less hours during
the demanding field experience semesters during their senior year in the program, Sarah had to
maintain a full-time work schedule alongside a full-time workload in methods coursework and
field experiences.
Sarah described in Phase I that she had long desired to become a teacher, and she has
enjoyed her experiences in K-12 education in the rural community where she grew up. When it
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came time to choose a college, she chose the university based on proximity to her home as well
as the institution’s good reputation for producing high-quality teachers.

Prior Experiences with STEM and Integration

When describing her initial experiences in the areas of STEM, Sarah described a
compartmentalized experience which lacked an engineering component altogether. Sarah
reflected on her experiences this way:
I had exposure to science and math for sure, but I don’t think they ever really interacted
with one another. We did science during science time and math during math time, and I
never had anything related to engineering in all of my years in school that I can
remember. They tried with technology, but you know, technology today isn’t what it was
then, even though it wasn’t really all that long ago. A lot of times, the technology was
really lacking. In high school, it was like, ‘Oh, you went to a computer class and learned
how to type’ or ‘Hey, you learned how to make a Power Point.’ It didn’t go any deeper
than that. (Sarah, Phase I Interview)
When asked about her college experiences, which included the minimum requirements in the
areas of science and math, Sarah said:
I knew nothing about STEM whatsoever until I got to IFE. That’s the only time I have
ever seen it before. I may have touched upon parts and pieces of the content here and
there in some of my classes, but everything was always very separated. (Sarah, Phase I
Interview)
In Phase II, the researcher probed deeper with regard to the specific preparation experiences via
course work Sarah may have had pertaining to STEM. Sarah reflected,
The gen eds that I took…I took them all at [the local community college]…they didn’t
really prepare me at all because, you know, we had it all laid out for us and lot of the
classes were online. I took whatever I had to take to get out of there to keep my program
rolling along. I never sought out anything extra to build myself up or anything. I never
had any exposure to engineering, but I didn’t think twice about it because I had no idea
what STEM was or that it was coming. Even still, what I learned in biology didn’t help
me when it came time to create the STEM Unit that we had to create for our methods
class. There are [science] courses [at this university] that are specific to education
majors, and I feel like those probably would have been really good classes to take
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because I have heard that you get to actually teach kids. Maybe taking those classes
would have helped me out more than a class that all different majors take. (Sarah, Phase
II Interview)

Field Experiences

Coming in as a transfer student, Sarah completed her beginning field experiences (BFE)
in a variety of elementary classrooms in the surrounding area. All of these initial experiences
were within the kindergarten through fifth grade levels. Sarah mentioned in Phase I that her
exposure to the STEM areas was primarily limited to “math and some technology” and that
science was “not really there to speak of” and engineering was missing entirely. Sarah’s BFE
experiences were observational by nature and Sarah was able to minimally interact with the
students while working with her cooperating teachers.
After transferring to the university, Sarah continued her major course work and then
completed her half-day Intermediate Field Experience (IFE) and full-day Advanced Field
Experience (AFE) throughout the duration of this study. Both Sarah’s IFE and AFE experiences
were completed in a 1st grade classroom in a neighboring public school district, as she was part
of a yearlong internship offered within the university for students who sought a more in-depth
experience spanning a full school year with the same cooperating teacher and students. This
allowed the yearlong internship candidates to experience the entire scope and sequence of a full
academic year in their final field placements.

Karina

At age 21, Karina did not always know she wanted to be a teacher. She did, however,
always know that she had within her a love for all things science. Growing up in a nearby
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suburb with her parents and younger brother, Karina chose to continue living at home while
attending college. She chose the university because of proximity to her home, which was
approximately a 20-minute commute to campus. Additionally, Karina felt there were ample
opportunities available to her to be involved in campus clubs and activities since the student
body was small.
Karina initially came to the university as a biology major; however, after experiencing
difficulties in initial biology courses and failing or withdrawing from Biology II and Chemistry,
she chose to alter her career path to pursue teaching science at the middle school level. Karina
said her lack of success in the biology program was due in large part to an auto-immune disorder
with which she has struggled since childhood. The sporadic times that she fell ill often required
a hospital stay that could last anywhere from a couple of days to a couple of weeks. Because of
this, Karina said during her Phase II interview, she “just couldn’t keep up with a rigorous
program like biology.” Teaching, she said, was “an easier route because it was easier to catch up
if I fell behind.”
Although she commuted to campus, Karina was highly involved in campus life, working
a part-time job in a campus office, volunteering as a campus tour guide, and volunteering at an
affiliated high school science program called Girls 4 Science. As indicated in her Phase I, II, and
III interviews, Karina was highly self-efficacious in her intelligence, her background in the areas
of math and science, and her abilities to teach students successfully, describing herself in Phase I
interview as “a math and science girl through and through, all the way.” Karina later explained
that she saw herself as “ahead of my peers in terms of science education and my ability to pull it
off and do it well” (Phase II Interview). A bit brash at times, Karina was very proud of her
ability to speak her mind and “tell it like it is” (Phase II Interview). Being opinionated has, at
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times, offended others, but she maintained that it was all done in the spirit of “really knowing
what I’m doing” (Phase II Interview). Karina was very passionate about middle school and
wanted to eventually teach at the sixth through eighth grade level.

Prior Experiences with STEM and Integration

When asked in Phase I about her experiences with the content areas of STEM, Karina did
not feel she had much meaningful exposure, nor were any of her experiences integrated with one
another. In other words, she believed that her K-12 experiences with STEM were very
compartmentalized. Karina gave a more in-depth explanation of her K-12 experiences in her
Phase II interview:
I don’t think I really had much of anything related to STEM growing up. We had some
exposure to the different content areas separately from one another, but what little we did
have wasn’t much. I don’t remember getting very deep into science and stuff until junior
high and high school. (Karina, Phase II Interview)
Karina was then asked if she could describe any experiences she believes she may have had with
curriculum integration. In Phase II, she described a lack of seeing purpose as a student:
If integration happened, I don’t think it was purposeful. Or at least they didn’t let us [the
students] know they had intended for it to happen. They never said, ‘Look! We are
using math skills to help us to better understand this science concept’ or anything like
that. Instead, I guess it was more like, if we saw it, great. I don’t think they were really
thinking about that. (Karina, Phase II Interview)
When asked how she became interested in science, specifically, at such a young age, Karina
explained:
I think it was because of my medical condition. I spent all this time in hospitals and
working with doctors. So, originally, my career goal was to become a doctor. I felt like
anything related to genetics or genealogy, that was my thing and I knew that. I love
science, but biology is definitely my number one thing. It wasn’t until I got to college
that I decided that my passion really lies in teaching. (Karina, Phase II Interview)
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Leading up to this study, Karina noted taking a lot of math and science courses because,
as she described in Phase II, “math and science…that’s just what I’m into.” She reiterated in
Phase III that she had intended to complete the biology program and go into the medical field
when she entered college, but sampling the “Science for Educators” courses offered at the
university altered her focus.
My education courses were huge, not just in deciding I wanted to be a teacher, but in
getting me ready to teach STEM. I decided to take those Science for Educators courses,
and they really helped me solidify my decision to teach. Then we got to do a little
teaching as part of those classes, and I just thought, ‘Yep! Middle school science. That’s
what I want to do!’ My gen eds…I’m not going to say they didn’t help, but as far as
being prepared to teach, it was all of my education courses and not my gen eds that did
that. You don’t teach as difficult of content in a middle school as you are learning about
in a college gen ed course. (Karina, Phase III Interview)
Karina’s academic advising is what pointed her to the Science for Educators course in the first
place after, as Karina described in Phase II, she was “starting to question the whole biology
major thing.” Those two courses were, as Karina described, “What solidified my decision that,
yes, [teaching] is what I wanted to do.”

Field Experiences
Karina’s first field experiences came after she took the Science for Educators courses at
the suggestion of her academic advisor, who encouraged her to look into other majors when she
began to perform poorly in her biology program. Initially for her BFE experience, Karina was
able to see a variety of grade levels in the K-5 realm at a local partner school. These experiences
were observational in nature, and Karina noted in Phase II being “a little surprised” because she
“thought [she] would get to see science happening, but [she] never did.” Because of this, she
began to believe more deeply that teaching middle school would be a good fit for her. When
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asked if she ever considered the secondary education program in which she could have sought
sixth through twelfth grade licensure, Karina explained, “No. I think it just starts to get too
complicated when you get up into high school. I think middle school science is more
manageable.” By manageable, Karina clarified that she believes middle school science is “not as
difficult to teach” as high school.
For her IFE experience, Karina worked in a 4th grade classroom in a local partner school,
where she was able to implement some science-based lessons, however, she described in her
Phase II interview that those lessons were “the first to go” if time or the daily schedule became
an issue. Karina struggled in her IFE placement after having to miss approximately one week of
instruction due to her medical condition. From there, Karina described the experience as “going
downhill” because she had a lack of energy, a post-symptom of which her cooperating teacher
did not seem to empathize.
Karina’s AFE experience was in a 7th grade science classroom in a high-needs junior high
setting. Karina described the experience as “a huge struggle” in her Phase III interview. She
was quite open about the fact that she “almost failed the semester” and was put on a remediation
plan at the mid-term point by her supervisor because, as Karina described, “my classroom
management was really bad and my teacher decided she wanted to take over the teaching for
awhile to get the kids back to where she felt they needed to be.” Karina says she passed AFE in
the end, and she seemed relieved to have completed the experience.

Mixed-Methods Cross-Case Analyses
The remaining sections of this chapter, organized by the study’s four research questions
and three directional hypotheses, present the quantitative findings for the larger group (n = 12) as
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well as the qualitative findings from the one-on-one interviews (n = 5) within a cross-categorical
analysis. As the perspectives of the five pre-service teachers were encapsulated during analysis,
the data were combined with the findings of the whole-group quantitative analysis as Creswell
and Clark’s (2011) Convergent Parallel Design suggests. The aim was to apply the findings to a
broader population, with caution being taken due to the sample size.

Actual STEM Integration Abilities vs. Perceptions of STEM Content and Abilities

Research Question #1: How do perceptions of elementary pre-service teachers who participate
in STEM-based preparation correlate to their actual abilities to integrate STEM into their
instruction?
Quantitative Analysis

To answer this research question, data from the analytical rubric in Phase II were
compared to Phase II STEM Semantics Survey results. Taken together, these data sets provided
the most accurate representation of the elementary pre-service teachers’ abilities to integrate
STEM into their instruction and their perceptions of their STEM integration abilities. The
participant scores for the Integrated STEM Unit are shown in Table 4.
The undergraduate grading scale in the College of Education requires that all pre-service
teacher candidates receive above a 76% as a final grade to pass a course in the teacher education
program. The Integrated STEM Unit in its entirety comprises 40% of a participant’s total grade
in the course. Based on the weighting of other assignments in the course, all participants
successfully passed the science and social methods course by the end of the semester. However,
when looking at the scores for the STEM Unit and comparing them to the passing rate of 76%
within the College of Education, 92% of the participant population performed at or above the
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passing rate on their Integrated STEM Unit project. There was one participant who did not
achieve a passing rate on the STEM Unit, as indicated in Table #. Therefore, while that preservice teacher ultimately passed the science and social studies methods course, the pre-service
teacher’s competency in STEM integration was lacking.
Table 4
Integrated STEM Unit Analytical Rubric Scores
Study ID
Rubric Score Percent Score
Chad
20
95%
Dawn
21
100%
Jennifer
19
90%
Karina
18
86%
Sarah
17
81%
A2257
19
90%
B1911
17
81%
C1870
15
71%
J2530
19
90%
K0990
16
76%
M3179
21
100%
R1774
19
90%
Note: 21 is the highest possible score that can be earned on the rubric.

To determine if a relationship existed between the abilities of the participants and their
perceptions of STEM, a correlation was utilized comparing the analytical rubric score from the
Integrated STEM Unit and mean STEM perception scores from the STEM Semantics Surveys
collected in Phases II and III (see Figure 4). Phase III was included on the scatter plot diagram
in Figure 4 to gain a better understanding as to whether or not the perceptions of participants
may have continued to change beyond Phase II, as the analytical rubric had just been returned to
the pre-service teachers within a few weeks of the Phase II surveys being collected.

Mean Perception Scores for Phase II and Phase III
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Figure 4. Correlation between STEM unit analytical rubric score and Phases II and III STEM
perceptions.

The quantitative data included on the scatter plot in Figure 4 indicated there was no
correlation between overall STEM perceptions and abilities (Pearson Correlation r = 0.35, p >
0.05). The range of rubric scores was between 15 and 21, with 21 being the highest possible

score on the rubric. Additionally, the variance in perception scores from the STEM Semantics
Survey was minimal, as noted in Figure 4 as well as in Appendix N, which includes individual
participant perception scores across all three phases of the study.
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Qualitative Findings

The five pre-service teachers who were interviewed throughout the study all experienced
shifts in ability perceptions and growth in discourse, which the researcher used as a measure of
ability, as the study progressed. A synthesis of the pre-service teachers’ actual STEM integration
abilities and ability perceptions indicated several shared themes throughout the data: defining
and engaging in discourse related to STEM integration, applying meaningful connectivity within
the curricula, understanding how STEM does look versus how it should, and describing relevant
STEM integration experiences in practice.

Definition and Discourse Abilities

At the onset of this study, all five pre-service teachers were able to identify the content
areas represented within the STEM acronym, although, as Jennifer articulated in her Phase I
interview, she “wouldn’t have really known what the acronym meant if it wasn’t read in full
[when the study was introduced to participants].” The pre-service teachers knew that integration
pertained to combining content areas together into one lesson because, as Sarah described, “we
have had to do that before in another class. We had to design a unit where we put at least two
content areas together for each of three lesson plans” (Phase I). Only Dawn described
integration as being able to span an entire unit surrounding a central topic (Phase I).
By the end of Phase II, the definitions of STEM had deepened across all five participants.
Jennifer summarized being able to now recognize that:
[The content areas of STEM] all have pieces that overlap and coincide with one another
really well. They utilize similar skills and concepts like asking questions, solving
problems, analyzing data… (Jennifer, Phase II Interview)
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Sarah, Chad, and Karina all linked STEM learning specifically to 21 -century learning skills,
specifically collaboration, critical thinking, and problem solving, when defining the term (Phase
II Interviews). Dawn’s definition described STEM as including hands-on learning and inquiry
(Phase II Interview).
The discourse of the pre-service teachers in Phase I was lacking and met by long pauses
and blank stares when asked by the interviewer about the details of STEM. By Phase II, their
discourse had transitioned from lower-order, base-line knowledge to in-depth, rich descriptions
of what STEM is and how it should be implemented. Chad described his understanding of
STEM:
STEM should get kids up and moving. They should be solving problems, questioning,
engaging in content-based skills…for example, from a science perspective, they should
be observing, recording and analyzing data, drawing conclusions. From a technology
perspective, they should be recognizing the role that technology plays in the content areas
and in life. They should be building models and designing solutions in engineering.
They should be reasoning quantitatively and constructing data-driven arguments from a
math perspective. There is a lot of crossover between [the areas of STEM], too. That’s
what makes the integration piece really come alive. (Chad, Phase II Interview)
Dawn discussed Bybee’s (2006) 5E Instructional Model for teaching science as it pertained to
STEM:
STEM can be viewed through the lens of Bybee. He created the 5E Model, and going
through that process in the classroom…getting the students engaged and then letting them
do some exploring to help them explain what is happening, then as the teacher I help
them make connections and apply what they’re learning [extend stage] before
[evaluation], that is what really deepens the STEM learning process from a teaching point
of view. (Dawn, Phase II Interview)
As the definitions and discourse deepened between Phases I and II during the methods course,
the knowledge that was attained held steady into Phase III. The pre-service teachers maintained
the ability to engage in professional dialogue pertaining to STEM even into Phase III of the study
despite STEM being mostly absent or missing entirely from the curricula.
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Perceived Ability to Meaningfully Connect the Curricula

When the study began, the pre-service teachers were not able to articulate the various
connections that existed across the content areas of STEM, nor were they able to cite any valid
examples of meaningful connectivity between the areas. Some examples were attempted to be
discussed in Phase I, such as when Karina described teaching an animal habitats unit to
elementary students and using animal-themed manipulatives in a math lesson as a way to connect
the science content with math content or when Jennifer described showing a video clip to
students to illustrate the damage an earthquake can cause as a technology connection. These preservice teachers, specifically, were asked to reflect upon these connections in Phase II, Jennifer
and Karina both indicated that they felt those connections were more superficial than meaningful
(Phase II Interviews). Jennifer described:
Technology connections need to go deeper than just getting out a computer or showing a
video. The students wouldn’t be using any technology to speak of if all I did was just
show them a video. It has to be something where they are either getting to use the
technology in a way that they wouldn’t have otherwise been able to learn the material.
They could have learned about earthquake damage by looking at a picture just the same
as if they watched it on a video. (Jennifer, Phase II Interview)
Karina also reflected on her initial description of an integrative connection:
[The elementary setting] seems like it’s really topic-driven, and I found myself getting
confused by that. There’s a lot of “cutesy” stuff out there where you might be using
themed manipulatives and you might initially think that it’s connecting what you’re doing
in another content area because, like I said in my last interview, I’m teaching animal
habitats, so I am using monkey manipulatives in math. But that’s not meaningful,
though. What is that teaching them about animal habitats? Nothing. (Karina, Phase II
Interview)
When asked how the example she described could be more meaningfully designed, Karina
described using graphing of the number of certain animals per type of habitat to connect the
science and math curricula. She described her new idea as being one that “connects using
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concepts and skills instead of connecting based on the something more surface-level” (Phase II
Interview).
Differentiating between a superficial and meaningful connection was an area of growth
for the other three pre-service teachers as well. Sarah described utilizing areas where the content
areas already naturally overlap as the basis for integration:
You definitely don’t want to force a connection. You don’t want to throw in something
meaningless just to say that you did it. The focus should be on quality over quantity.
(Sarah, Phase II Interview)
Focusing on quality, however, is one of the more difficult components of integration as described
by Dawn and Chad. Chad described his struggles with performing based on what he perceives as
meaningful integration:
STEM uses the connections between the content areas to actually go deeper with the
knowledge of the topic being taught in the original focus subject. For example, if you’re
teaching science and you’re pulling in an engineering concept, it should help the students
go more deeply into the original science content. They should complement each other.
That’s one of the more difficult pieces of integration, I think, is asking yourself, “Does
this connection help the students to better grasp the original content I am intending to
teach?” (Chad, Phase II Interview)
Dawn, too, described experiencing difficulty when contemplating whether the connections
between the content areas in her lessons was meaningful:
Some topics seem to lend themselves to all four STEM areas better than others. It can be
tough with certain topics to integrate all four areas meaningfully. I’d rather know that,
for example, I integrated two of the core areas of STEM together in a really clean,
meaningful way that enhanced the learning for my students as opposed to lumping all
four of them in there just so I would be able to say that I used all four of the areas.
Quality over quantity! (Dawn, Phase II Interview)
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Perceptions of STEM Preparation Experiences

The pre-service teachers all had unique experiences in their IFE and AFE semesters
(Phases II and III of the study) in which their exposure to science- or STEM-based instruction
varied. All five pre-service teachers noted in their interviews that science, and subsequently
STEM, was lacking or completely missing in their K-5 field experiences. As such, they
generally lacked opportunities to apply what they were learning within their STEM-based
preparation as part of the methods course. The lack of application subsequently offered less
opportunities for the pre-service teachers’ to reflect upon their perceived abilities in STEM
integration. Therefore, the pre-service teachers were asked to reflect upon the experiences they
had to integrate STEM within their methods course in order for the researcher to gain insight as
to the pre-service teachers’ perceptions of their own STEM integration abilities.
IFE Experience (Phase II). The Intermediate Field Experience (IFE) semester was
completed by the pre-service teachers between Phases I and II of the study. Only one of the five
pre-service teachers, Chad, was able to identify clear STEM connectivity within his 4th grade IFE
classroom. During his Phase II interview, Chad described his STEM experience in this way:
My cooperating teacher tries to combine math and science together whenever possible.
She does a really good job of getting the students engaged in inquiry on a regular basis
compared to some of the other teachers I have seen in my grade level hallway. Our
classroom is active; the students are up and moving around and working together. Other
classrooms seem very quiet and there is a lot of independent work going on. I can’t say
for sure if they are doing anything STEM-related, but I know we plan for it and we are
combining math and science together on a semi-regular basis. (Chad, Phase II Interview)
Chad later acknowledged, “I’m not sure if the STEM stuff I was seeing was as in-depth as what
we were taught [in methods class]” (Phase III Interview).
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None of the other pre-service teachers described instances where they engaged in STEMbased instruction in their IFE classrooms. Karina described being given the task of designing a
science unit to be implemented within her cooperating teacher’s classroom; however, when the
scope and sequence of other content areas became an issue combined with Karina missing
several days of student teaching due to an illness, her cooperating teacher ended up not teaching
any of the STEM-based lessons that Karina had planned (Phase II Interview). Dawn was not
able to design any STEM-based lessons for IFE because, as she explained:
There was a set science time for my students a couple of times per week, but they left the
room and went with another teacher to do science and my cooperating teacher and I
taught math. We could have easily combined and done something STEM-related, but I
don’t think STEM is anywhere on their radar at this point. I never saw them joining
forces for anything. Content wise, everything was always separated. (Dawn, Phase II
Interview)
Both Jennifer and Sarah described not seeing science at all during their IFE semester because
over the course of those 16 weeks, their cooperating teachers were more focused on social
studies when time permitted rather than science.
Integrated STEM Unit (Phase II). The single most valuable aspect of the STEM Unit, as
noted by all five pre-service teachers, was the fact that it was implemented with actual
elementary students, allowing the pre-service teachers to apply what they had learned within the
STEM-based preparation in their science and social studies methods class. Chad summarized
how the STEM Unit influenced his growth and perceptions of STEM:
Planning, and especially teaching, [the STEM Unit] was the biggest learning experience
for me. We got to learn how to plan for STEM in a really meaningful way. We knew the
targets we were shooting for, and I learned that it isn’t something you can just sit down
and plan in 20 minutes. It took us sitting down multiple times, talking back and forth,
deciding how we’re going to do it, and making sure it fit with the best methods. It was a
struggle, but a good one. It was the most realistic experience we could have had that
mirrored what it is really like to do STEM in the field. It was an excellent experience.
(Chad, Phase II Interview)
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Karina also shared the perception that being able to apply STEM practices to real students made
the learning experience more robust:
If we hadn’t actually taught the STEM Unit to real kids, I don’t think...you wouldn’t put
100% into it if you weren’t actually teaching it to real kids. That’s just not how we’re
built as human beings. Planning it was huge, but getting to put it into practice adds more
aspects of teaching that go into STEM that you don’t think about, like classroom
management during inquiry-based learning and hands-on learning and stuff like that.
(Karina, Phase II Interview)
Dawn also felt that she learned a great deal about the more indirect components of STEM-based
instruction due to being able to implement the STEM Unit in a real setting.
It wasn’t just the planning for STEM that we were learning. It was the extra teaching
experiences that made the implementation of the STEM unit so great. We got to apply
what we learned to other classroom tasks that aren’t as explicit in a lesson plan, like how
to manage the materials, how to move the students around the room, and how to best
present the information. A huge part of STEM is higher order thinking, so I’m glad that
we also got a lot of great practice, too, in terms of learning how to ask good questions to
take the students’ learning deeper. (Dawn, Phase II Interview)
Similarly, Sarah described the STEM Unit as being “a huge learning experience” for her in terms
of applying what she has learned, an assertion that was seconded by Jennifer:
It wasn’t just learning what to do [when teaching STEM], but how to do it. It’s one thing
to write it in a lesson plan, but it’s a totally different ball game to actually teach it live.
(Jennifer, Phase II Interview)
Not only was planning a unit noted as a key learning experience for the pre-service teachers, but
more than anything, the act of being able to apply what they had learned within their methods
course work influenced their growth.
AFE Experience (Phase III). The Advanced Field Experience (AFE) semester was
completed by the pre-service teachers during Phase III of the study. Two of the five pre-service
teachers, Chad and Karina, were able to identify clear STEM connectivity within their
classrooms. Chad’s experience was part of a year-long internship, wherein the STEM
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experiences he described in Phase II continued into Phase III. He maintained the perception
that STEM was not utilized as meaningfully as he believed he was taught as part of the STEMbase preparation in the methods course from Phase II.
Karina, who transitioned from a 4th grade general education classroom in IFE to a 7th
grade science classroom in AFE, described a noticeable shift in the presence of STEM between
her IFE and AFE experiences. Not only was her cooperating teacher aware of STEM, but
Karina’s cooperating teacher had been piloting the implementation of the Next Generation
Science Standards as part of a district initiative given to her by administrators. Because of this,
Karina was able to collaborate with her cooperating teacher to design and implement STEMbased lessons within her AFE experience, as appropriate based on the school’s curriculum guide.
Karina described the experience:
In my AFE, it has been all about adapting [what has traditionally been taught] based on
what is outlined in the Next Gens. My cooperating teacher and I have done a couple of
projects this semester that were STEM-based. We were asked by the science coordinator
for the district to integrate something STEM-related and implement it. I think they are
just experimenting right now to see what will need to stay and what will need to go or be
revised. Like, at one point, I was planning a lesson involving classification, and I was
having a hard time finding it because what we were teaching ended up in the grade level
below us in the Next Gens. So stuff like that will need to be looked at. We were able,
though, to integrate all four areas of STEM into what we were doing. (Karina, Phase III
Interview)
Karina was the only pre-service teacher who gained experience planning lessons using the Next
Generation Science Standards as part of her AFE experience. Even Chad, who was the only
other pre-service teacher to utilize STEM in his AFE experience, did so without alignment to the
NGSS. Instead, he and his cooperating teacher used the Illinois Learning Standards for science
and found ways to integrate STEM based on their interpretation of the connectivity of the
content within.
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Jennifer, who was also in a middle school setting for her AFE experience, explained that
STEM was not explicit within her school’s existing math curriculum, which was based on the
Common Core standards for math. She was able, however, to integrate what she described as
“loose” STEM connections into some of her lessons taught as part of a unit on roller coasters.
While the students did not learn about the physics of roller coasters, Jennifer described, “they
had to design a scaled model [engineering] of their amusement park, and they had to design
everything based on a budget [math]” (Phase III Interview). While the science and technology
components were missing, Jennifer described the inclusion of the math and engineering
components as being somewhat connected to STEM. Overall, though, Jennifer did not feel her
placement was related at all to STEM, even though she acknowledged that “it could be with the
right collaboration and curriculum mapping” (Phase III Interview).
Both Dawn and Sarah described seeing some science representation in their AFE
experience within the existing language arts curriculum, but neither of them used the NGSS for
science planning. In both cases, the Illinois Learning Standards were still in use in their schools’
curricula for science, but the lessons that were planned focused more on Common Core for
language arts. Of the science-based opportunities within AFE, Dawn described there being a
lack of initial perception for STEM-based integration to exist.
In hindsight, I am a little frustrated because I can look back and see places where maybe
STEM could have fit in. Most of the science experiences we created were instances
where we might pull in an article or non-fiction text that was science-based as part of our
reading curriculum. As I sit here and think back on stuff that I did, I can see STEM
connection opportunities, but at the time, I think maybe I was just focused on feeling
overwhelmed. At the same time, though, I’m not sure if it would have fit in with the
schedule we had. There wasn’t a set science time, and the science content we were
reading about during reading time may not have been able to be more than it was without
taking away from the language arts goals we were trying to hit.” (Dawn, Phase III
Interview)
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Whether the pre-service teachers were able to utilize STEM-based teaching in their
instruction or not, they all maintained the perception that science content was lacking in their
school’s curricula. As such, they perceived STEM-based instruction as difficult given the
current circumstances in the schools. Even still, all five participants maintained the assertion that
they see a place in the elementary setting for STEM to exist in the future.

Overall Perceptions of STEM

Research Question #2: How does participating in preparation for STEM-based integration
affect elementary pre-service teachers’ perceptions of STEM?
H1: STEM-based preparation will positively increase pre-service teachers’ perceptions of
STEM.

Quantitative Analysis

A quantitative analysis for perceptions was conducted by comparing the means for
overall STEM perceptions among the pre-service teacher candidates as measured by the STEM
Semantics Survey (see Appendix F). The results are shown in Figure 5.
Figure 5 illustrates that the average perceptions of the pre-service teachers as measured
by the STEM Semantics Survey were significantly different between Phases I and III (KruskalWallis, p < .05). Overall perceptions were significantly higher in Phase III (xˉ = 5.83) than Phase
I (xˉ = 4.80; Kruskal-Wallis, p < .05); however, there was no significant change between Phase I
(xˉ = 4.80) and Phase II (xˉ = 5.38; Kruskal-Wallis, p ˃ .05) or Phase II (xˉ = 5.38) and Phase III (xˉ
= 5.83; Kruskal-Wallis, p ˃ .05, confidence interval 95%).
The findings of the Kruskal-Wallis test supported the directional hypothesis that STEMbased preparation will positively increase pre-service teachers’ perceptions of STEM only
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between Phases I and III of the study; however, it is important to note that caution must be used
when generalizing this finding to the larger population due to sample size. For details
concerning the individualized perception scores for all 12 of this study’s participants, see
Appendix N.

Figure 5. Average perception score for each of the three phases and a 95% confidence interval.

Qualitative Findings

The five participants who were interviewed throughout the study all experienced shifts in
perception as the study progressed. A synthesis of the data revealed three themes: reflections
about individual perceptions, reflections about cooperating teacher perceptions, and reflections
about student perceptions.

110
Individual Reflections
Resounding throughout all five pre-service teachers’ interviews was the assertion that
STEM is not well represented in the field overall. Due to limited opportunities to see or practice
STEM integration in the field, the pre-service teachers approached it with high levels of
uncertainty and trepidation at the onset of the study. This happened, in large part, due to other
content areas, namely math and language arts, taking up most of the instructional time during the
school day. Karina described the environment in her IFE placement:
In my IFE, there was hardly any science or social studies to speak of. There were some
connections in language arts, but nothing was ever hands-on. Usually, the connections in
language arts were social studies related rather than science related. There were no
textbooks for science or social studies. You can’t have STEM without science, so the
foundation opportunity wasn’t there at all. (Karina, Phase II Interview)
Jennifer, too, described a lack of focus on science in her IFE experience:
I was in a 3rd grade classroom, and we didn’t have a set time for science. I never saw it at
all. I thought that was weird, but it seems that was kind of the norm. My cooperating
teacher said if we wanted to integrate science, we would have to take it upon ourselves
and incorporate it into a language arts lesson. It would mean it would always take a
reading focus and there wasn’t anything hands-on to speak of. (Jennifer, Phase II
Interview)
Sarah articulated that although science was all but missing in her experiences, she felt as though
there were opportunities for it to exist. She explained, “from what I see, STEM could be
represented a lot more. We could do it, but we don’t. I don’t know why” (Phase II Interview).
Sarah later described seeing opportunities for STEM to exist, but as she explained, “the focus
isn’t on science. It’s on language arts and math. All day, every day” (Phase II Interview).
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Dawn perceived STEM as a “new initiative” in Phase I and believed herself to be
fortunate to be learning about what she called a “cutting edge teaching topic” as part of her
methods coursework.
I don’t know much about [STEM] yet, but so far all I’m really able to say about it is that
it seems like it is the future. There are jobs out there that use skills and concepts from the
STEM areas, and it seems like those jobs are all the rage right now. (Dawn, Phase I
Interview)
By the end of Phase II, Dawn reflected back on her methods coursework as improving her
perceptions of STEM:
My [science and social studies] methods class was really where I learned about what
STEM is and how it should be done. Once I learned about it, I realized that I really
hadn’t ever been exposed to it before. It was just a different way of thinking that reflects
the modern times we’re living in. I don’t remember ever having anything but
compartmentalized learning experiences as a student. Getting to learn about it in
methods, getting to apply it by teaching it, and getting to talk about it…all of that has
really made me see things differently and now I have a better understanding of what
STEM is and why it is implemented. (Dawn, Phase I Interview)
Chad also described STEM as “new initiative” and perceived it as being able to be viewed only
through a science-based lens in Phase I. Initially, he perceived STEM as an extension of the
school’s curricula rather than an embedded component. Chad described his initial perceptions in
Phase I:
I think [STEM] looks like when you’re teaching some kind of science unit and you
maybe take the students on a field trip somewhere. I’ve seen STEM somewhere in one of
the museums in the city, but I haven’t heard about it being a part of the schools or
teaching until now. I guess I thought it was something they [the students] got beyond
school as an extension, like a bonus opportunity. I didn’t know it was something I might
have to actually teach one day. (Chad, Phase I Interview)
Chad worked with a cooperating teacher who was motivated to integrate science into her
instruction often in Phases II and III of the study. Based on these experiences and reflecting on
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what he was learning in his methods course in Phase II, Chad explained that his initial
perceptions of STEM had changed:
I’ve come a long way. I didn’t see before how STEM would fit in to what I was
teaching, but as I learned about it [as part of the methods course work], I began to realize
more and more that not only did it connect really well to a lot of what was already being
taught, but I also realized that the skills that students refine [within STEM-based
experiences] help them to learn more deeply. (Chad, Phase II interview)
Chad’s articulation of his perceptions remained consistent in Phase III.
Overall, the pre-service teachers noted a lack of science- or STEM-based instruction in
their field placements. The pre-service teachers noted, however, that STEM-based experiences
could fit in to the curricula with some restructuring.

Reflections on Cooperating Teachers

Throughout the interview process, the pre-service teachers were asked about their
perceptions of their cooperating teachers’ views of STEM. Similar to their own perceptions at
the beginning of this study, the pre-service teachers described their cooperating teachers as
seeming anxious about the Next Generation Science Standards and STEM. Chad described in
Phase II that he believed his cooperating teacher and her colleagues were not ready to undertake
the integration of STEM into their curricula based on the experiences of implementing Common
Core:
They [the teachers at my school] haven’t even talked about the Next Gens yet. I think
2017 is the pilot year for them. It seems like they [the administrators] are giving the
teachers a break since they just loaded so much on them from Common Core. It’s like
they are giving them a little bit of breathing room before having them tackle the next
thing. When they rolled out Common Core, my teacher described it as…they just threw
it all in their laps and told them to do it. She [my cooperating teacher] seems nervous
that it’s going to happen all over again with the Next Gens and STEM. (Chad, Phase II
Interview)
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Dawn also described being in a teaching environment in which her cooperating teacher and other
in-service teachers were still focused on grappling with mastering the Common Core before
shifting their focus:
The teachers in my placement follow the rules, stick to the norm, and are very focused on
Common Core. I feel like they are using a lot of best practices and they plan on using the
Next Gens, but right now, that’s not their focus. They are still mastering Common Core
before they jump into another new thing. (Dawn, Phase III Interview)
In terms of perceived knowledge for STEM, Jennifer described feeling as though she
knew more about STEM than her cooperating teacher because of the STEM-based preparation
she received in her methods class:
I feel like I probably know more about STEM than my cooperating teacher because I
haven’t heard her talk about STEM at all. I was taught about it within my methods class,
so I already know the basics of it and I have already had a chance to teach it. She hasn’t
at all. She knows what the acronym stands for and I think it pretty much stops there. So,
in that sense, I think she feels a little nervous about tackling STEM. (Jennifer, Phase II
interview)
Karina also described feeling as though her level of STEM instructional knowledge surpassed
that of her cooperating teachers in Phases II and III. Even so, her cooperating teacher was taking
it upon herself to learn more about STEM and integrate it into her classroom. Karina explained
in Phase III:
I think my knowledge of STEM has been more thorough than my cooperating teachers
that I’ve had [for IFE and AFE]. The teachers are definitely curious about it, and those
who know about it seem to want to learn more about it. They want training. My [AFE]
cooperating teacher has taken it upon herself to learn more. I think she has attended a
seminar or had some kind of professional development, but she has had to seek it out on
her own, I think. She is ahead of the rest of the district in terms of having the Next Gens
and STEM represented in her classroom. (Karina, Phase III Interview)
Despite the cooperating teachers not having the same STEM-based preparation, if any, as the
pre-service teachers, Dawn, Chad, and Sarah described their cooperating teachers as being
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curious about STEM and receptive to learning more. Dawn described her cooperating teacher’s
curiosity about STEM:
My cooperating teacher knows [STEM] is coming, and she’s a great teacher with
incorporating modern philosophy and stuff like that. She says that she is going to need to
be taught about it [STEM] if it’s going to work well. She is really curious about what
I’m learning in my methods class and asks to see my materials and stuff so she can learn
more. She’s definitely interested. (Dawn, Phase III Interview)
Chad described the major difference between himself and his cooperating teacher being
that he had a chance to use STEM under an instructor’s supervision, whereas his cooperating
teacher has not had any type of mentoring experiences (Phase II Interview). Chad explained how
the supervision provided by his methods instructor, who is also the researcher for this study,
influenced his perceptions of STEM:
STEM has been drilled into my head for the last few months, and I have learned a lot and
come a long way. My cooperating teacher is trying to use STEM whenever she can, but
it’s not the same as what I learned. I was able to do STEM and get feedback from her
[my instructor], and that really helped me to understand how it should be done. She [my
cooperating teacher] is more of an advocate for STEM after seeing me use what little I
did and seeing the students’ reactions to it. She really loved how hands-on and inquirybased it was, and I think seeing what I did helped her to expand upon what she was doing
as a result. We grew together. (Chad, Phase II Interview)
The pre-service teachers all came into their field experiences with knowledge and practical
applications that their cooperating teachers did not necessarily have. As a result, the pre-service
teachers perceived their cooperating teachers as being anxious about STEM; however, many
used it as an opportunity to learn and grow together.

Reflections on Elementary Students

The pre-service teachers all described STEM as being very well-received by the
elementary students whom they taught, specifically when referring to the Integrated STEM Unit
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experience. That perception was best captured in Sarah’s Phase II interview when she shared
that STEM-based instruction seemed to be a “new way of learning for the elementary students
that [gave] them a broad spectrum of things they will need to be successful in the 21st-century.”
In addition, the pre-service teachers noted that the elementary students perceived STEM learning
as exciting, engaging, and motivating.
Karina described the students with whom she taught for the Integrated STEM Unit as
being “beyond excited” to participate in the hands-on components of quality STEM instruction
that she had designed.
They got to do an engineering challenge in our unit where they were trying to build a
model structure that could withstand an earthquake. They were so excited to be
creatively building something, and even more excited to get to try it out with an
earthquake that we would be creating. It was really neat. They were so into it, and you
know what? We didn’t have any troubles with classroom management because they were
so focused on what they were getting to do. They weren’t distracted or paying attention
to anyone around them. They were just working through their experiments with their
team. (Karina, Phase II Interview)
Jennifer, Chad, and Dawn also described immense excitement in their students, but they also
noticed that the type of hands-on, inquiry-based instruction being utilized seemed to be different
than what the students were used to. Jennifer described her observations:
They [the students] all loved the experience, and they kept asking if they could do more.
When it was time for us to leave, they would all groan and be sad that we had to stop for
the day. It was like they had never done something like that before. They were totally
engaged from start to finish, and they wanted to go beyond what we had done in class.
Seriously, they would have done STEM with us all day if they could have. (Jennifer,
Phase II Interview)
Chad also articulated his thoughts on STEM being a different way of learning. He also linked
STEM to the elementary students’ futures:
I think this [STEM Unit] was huge. It’s putting these students ahead of the game in terms
of teaching them skills that are important to their futures, and on top of that, they really
loved what they were doing. They were so engaged in the process. Learning experiences
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like this can really open up their minds and expose them to areas they could explore in
the future as careers. The way I see it, the earlier you are able to find your passion and
start working on it, the better, and some of these kids really seemed to have a passion for
STEM. (Chad, Phase II Interview)
Finally, Dawn summarized STEM as a different, engaging way of learning, and an experience
that links all students, whether they end up pursuing STEM-related careers or not, to the future:
They have had science before, but they haven’t had it like this, I don’t think. I think just
being able to have more in-depth understanding and being able to think across a variety
of content areas and draw connections like we did, it gives them good life skills. They
develop skills they will need whether they pursue a STEM career or not. The future is
STEM. (Dawn, Phase II Interview)
Because the students were so eager to participate in STEM-based experiences as part of the
Integrated STEM Unit, the pre-service teachers’ perceptions of STEM improved. Seeing the
students’ excitement validated the cumulative perception that STEM was engaging, motivating,
and explicitly linked to modern curricular initiatives, such as those outlined in the Next
Generation Science Standards.

Attitudes Toward STEM

Research Question #3: Does participating in preparation for STEM-based integration affect
elementary pre-service teachers’ attitudes toward STEM?
H2: STEM-based preparation will positively increase pre-service teachers’ attitudes
toward STEM.

Quantitative Analysis

A quantitative analysis to answer this research question was conducted by comparing the
means across the three phases of this study. A Kruscal-Wallis test and 95% confidence interval
was utilized for this purpose with regard to analyzing overall STEM attitudes as measured by the
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STEBI-B survey (see Appendix G) across the three phases of the study. The results are shown in
Figure 6.

Figure 6. Average attitude score for each of the three phases and a 95% confidence interval.

As noted in Figure 6, the mean attitudes of the pre-service teachers as measured by the
STEBI-B survey did not change significantly over the three phases of the study (Phase I, xˉ = 3.35;
Phase II, xˉ = 3.50; Phase III, xˉ = 3.61; Kruskal-Wallis test, p ˃ .05). Based on the results of the

Kruskal-Wallis test, the directional hypothesis, which suggested that pre-service teachers’
attitudes would improve throughout this study, may be rejected; however, it is important to note
that caution must be used when generalizing this finding to the larger population due to the small
sample size of this study. For details concerning the individualized attitude scores for all 12 of
this study’s participants, see Appendix N.
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Qualitative Findings

The five participants who were interviewed during each of the three phases of data
collection all experienced attitudinal shifts as the study progressed, several of which refuted the
quantitative findings. A synthesis of the pre-service teachers’ attitudes indicated several shared
themes: attitudes toward current and future application of STEM, a comparison of self-attitudes
versus cooperating teacher attitudes, and an overview of the existing circumstances that may
make STEM integration difficult to manage.

Current Applications of STEM

In the Phase I interviews, none of the pre-service teachers were able to identify any
explicit STEM integration experiences witnessed within the field prior to or during Phase I of
this study. Even so, the pre-service teachers all shared the attitude that STEM was a valuable
component of a 21st-century curriculum and that it should be represented throughout elementary
students’ experiences in school. Dawn highlighted the importance of providing students with a
STEM background from a young age:
Building a STEM foundation is key. It should start early—the earlier the better. I am so
excited that we were able to learn about STEM because I see it as so important. The
students need to gain that love and understanding of what STEM is because I feel like
STEM is the future. I feel so prepared, and even though STEM is difficult in the
beginning and time consuming, it’s worth it in the end. The change is coming and we
just need to embrace it. Why fight it when, at the end of the day, it’s truly good for the
kids? (Dawn, Phase II Interview)
Supporting the assertion that STEM background is important, Chad discussed his beliefs that
integrating STEM actually made his job as a teacher easier because he was able to multi-task
from a standards-based perspective:
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I don’t think STEM is well represented in the field at all, but it really should be because I
see now that it’s important. It’s great for the students, and what I have realized is that
when you are able to put it [lessons or a unit] together and do it well, even though it takes
more time upfront to make it happen, it actually makes your job easier as a teacher in
terms of implementation and covering a lot of standards in a shorter amount of time.
(Chad, Phase III interview)
During their interviews, Karina, Sarah, and Jennifer also agreed that STEM saves time in the
long run, but noted that when a teacher is new to the concept of STEM integration, the time spent
planning can be laborious and take away from other content areas.

Future Applications of STEM

All five pre-service teachers expressed the intent to integrate STEM after Phase II of this
study. Their desire to use STEM in the future was piqued due to the authentic experience of
teaching STEM to a live group of students as part of the Integrated STEM Unit project. The
experience was said to have validated the importance of STEM. Dawn described how the STEM
Unit shaped her attitude toward STEM:
Getting to learn about STEM and especially getting to teach STEM really paved the way
for us beyond IFE. It was really meaningful, and it made me see how important it really
is. It really made me want to keep it up and integrate it wherever possible beyond IFE,
and I tried to do that in my AFE. Unfortunately, I wasn’t able to do much because we
were so focused on Common Core all the time. It was all math and language arts all the
time, and I was sort of at the mercy of my cooperating teacher’s ideas of what we should
or shouldn’t be focusing on. I still see STEM as valuable, though, and I still plan on
integrating it in the future when I have my own classroom. (Dawn, Phase II Interview)
Chad, too, discussed how the STEM Unit changed his attitude about STEM:
My views have changed. My attitude has changed. Pre-IFE, I didn’t know much about
STEM, so I was kind of indifferent to it. I was open to learning about it, and I knew that
since STEM was represented in the Next Generation Science Standards that it would be
something I would have to embrace at some point. What I learned about STEM, though,
is that it’s just a good way of teaching. I didn’t understand how good it would be for the
kids until I planned a STEM unit and taught it with real kids. I actually put it into
practice, and now I can really see it. And I think my attitude has changed because, the
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more I think about it, it’s like if the students don’t have engineering outside of school, but
it will become an increasingly bigger part of the future, where else do we expect them to
get it? The future of teaching should definitely include STEM. (Chad, Phase II
interview)
Although Chad and Dawn both recognized that they were entering a field with very high
demands in terms of work load, each of them articulated a belief that integrating STEM was
possible with enough desire and effort. Dawn simply stated, “I know there is a way. I will find a
way” (Phase III interview). Chad was a bit more uncertain, but he remained steadfast in his
assertion that, “STEM integration is possible for those who are willing to make it possible”
(Phase III Interview).
The STEM Unit was seen as a valuable experience by Karina, Sarah, and Jennifer, and
they were eager to integrate STEM beyond Phase II. However, they all expressed concern in
Phase III over the how realistic it might be to integrate STEM as beginning in-service teachers
due to the demanding work load already in place. Jennifer described her concerns surrounding a
full task list:
I think in the future, I am seeing myself just focusing on what I need to get done to
survive in those first years. If it [STEM] is what we need to focus on to get through the
school year, then that’s what I need to do, but if we aren’t told that we need to use it…I
don’t know. I’m almost afraid that I’m going to be so wrapped up in what I have to do
that I won’t feel like I have room for anything else. I’ll be focused on what I have to do
rather than what I want or get to do. (Jennifer, Phase III Interview)
Sarah’s concerns mirrored those expressed by Jennifer:
I’m not sure I will be able to use STEM in my first years teaching because that first year
would be mainly about getting my feet wet with the loads of stuff that I’ll have to do.
I’m still trying to figure out how things are done and how all of those things get done
within the day. I don’t think STEM would be something that I would embark on unless it
is blatantly obvious that it is part of my curriculum and that I could totally pull it off.
(Sarah, Phase III interview)
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Karina, too, expressed concern over being able to fit STEM in with everything else she would
have to do as a beginning teacher:
I value STEM and I think it is needed and totally good for the kids. Looking forward,
though, I know those first years are very, very rough based on what I’ve been hearing
from the people I’ve talked to. So, because of that, I am not sure if STEM will really be a
priority for me in the beginning because, as of right now, I don’t think it’s something we
will be told we have to do yet. (Karina, Phase III interview)
The issues of time and very full schedules are ones in which the participants noted must be
addressed to avoid feeling overwhelmed and “burning out” as they move forward in their
teaching careers.

Reflections on Pre-service vs. Cooperating Teacher STEM Attitudes

The pre-service teachers noted feeling as though their attitudes differed from that of their
cooperating teachers, most notably due to their preparation for STEM integration that they
received during their methods course work. Dawn reflected on her attitudes toward STEM
between Phases I and II of the study:
Before this semester STEM was new to me, and I see it as very ‘cutting edge’ because
even my cooperating teacher hadn’t heard of STEM. It was so new that even she hadn’t
used it, and here I was getting to learn how to do it (Dawn, Phase II Interview).
Dawn continued to describe how she believed her attitudes toward embracing STEM differed
from her cooperating teacher:
Getting to learn about STEM and especially getting to teach STEM really paved the way
for us beyond IFE. It was really meaningful, and it made me see how important it really
is. It really made me want to keep it up and integrate it wherever possible beyond IFE,
and I tried to do that in my AFE. Unfortunately, I wasn’t able to do much because we
were so focused on Common Core…math and language arts…all the time. I was sort of
at the mercy of my cooperating teacher’s ideas of what we should or shouldn’t be
focusing on, and she didn’t see STEM as something we should spend our time on at that
point (Dawn, Phase II Interview).
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Chad also expressed feeling as though STEM was important, while his cooperating teacher was
more focused on Common Core:
They aren’t doing STEM right now. They are still so flustered about Common Core.
Next year, they’re talking about the Next Generation Science Standards, and I remember
my cooperating teacher saying, “We’re not worried about that right now; we’re more
worried about getting our heads wrapped around what they just put on our plate before
we can be ready to face getting more stuff shoved down our throats.” (Chad, Phase II
Interview)
Jennifer worried about how her cooperating teacher in her Phase II IFE experience might feel
about STEM once she learns more about it:
I think my cooperating teacher will probably view STEM negatively at first
because…anybody would, really. It just adds on to all of the stuff they already have to
do, and I think anybody would stress out over something like that. (Jennifer, Phase II
Interview)
For Sarah and Karina, it was a different experience. They both felt as though their
cooperating teachers were open to the idea of using STEM in their classrooms. Karina’s
cooperating teacher during her IFE experience was not using STEM; however, her cooperating
teacher in her AFE experience was piloting the use of the Next Generation Science Standards
and the STEM concepts throughout. Whereas, Sarah described her cooperating teacher’s interest
in learning more about STEM:
My cooperating teacher knew what the acronym for STEM stood for, but that was about
it. She seemed interested when we talked about it, but she seemed like she didn’t have
the time or the energy to really focus on it beyond our conversations. (Sarah, Phase II
Interview)
When reflecting on their IFE and AFE experiences, Chad and Karina were the only two who
were able to integrate STEM explicitly with the collaborative support of their cooperating
teachers. They both noted feeling that their competency and value of STEM were higher than
that of their cooperating teachers at the time (Phase II interviews). Sarah described being able to
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use STEM “sometimes” in her field experiences with the support of her cooperating teacher.
Dawn and Jennifer both said they never saw STEM in their field experiences, nor were they
supported in trying to use it due to their cooperating teachers placing higher value on Common
Core than anything else within the curriculum.

Circumstances That May Make STEM Difficult to Manage

Within the Phase II interviews, all five pre-service teachers began to share the attitude
that integrating STEM into the field may be difficult. This continued into Phase III, where five
major areas of difficulty emerged based on the current culture of their school environments:
time, collaboration, the existing curricula and standardized testing, lack of resources, and
professional development opportunities.
Time. Above all else, the pre-service teachers all vehemently identified time as the single
most limiting factor in being able to successfully implement STEM integration in elementary
schools. For example, Chad summarized the lack of time he experienced in his field
experiences:
The absolute biggest roadblock without a doubt it time. There’s so much pressure to do
all of these other things related to all of their other [curricula], and at least when STEM is
new, it’s not something you can just slap together and go if you want it to be really
meaningful. It really takes a lot of time to make it great. (Chad, Phase III interview)
All four of the other pre-service teachers noted that time was the most limiting factor they
experienced in relation to STEM integration. Sarah described it this way:
Not having time to fit it [STEM] in kind of made me feel like maybe it wasn’t as valuable
as I originally thought. If it’s so great, why aren’t they doing what they need to do [to
integrate STEM]? Why are they pushing it off if they know that it is going to be so good
for the students and better prepare them for what’s to come? (Sarah, Phase III Interview)
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Karina and Jennifer brought a unique perspective to the discussion of time as a limiting
factor because they both transitioned from an elementary field placement in IFE to a middle
school field placement in AFE. When reflecting on time in the middle school versus elementary
school, they each felt as though integrating STEM would be easier in the elementary setting.
Karina reflected on a STEM project she taught within her AFE experience in Phase III:
I got to do a STEM project in my AFE, and while it was really cool, it took way too long.
We couldn’t keep some the kids caught up [with the rest of our class because of our need
for quicker pacing], and there were times that we had to move forward [because of our
curriculum scope and sequence], and they ended up kind of getting left behind. It takes
time and flexibility to make sure that STEM is done well, and we just couldn’t do it in the
middle school. I feel like it would have been more feasible if I were still in a K-5
classroom because I would have the kids all day, so I could be more flexible with the
schedule to make sure it would all fit without leaving kids behind. (Karina, Phase III
Interview)
Jennifer’s attitudes mirrored Karina’s because she described “only having students for a set
amount of time, and then they move on to someone else in a different content area” in Phase III.
Jennifer also noted that while the curricula is very full for elementary teachers, she felt that
ample time is wasted in transitions throughout the school day. She described how minimizing
this “dead time” would allow for more opportunities for STEM integration:
[In the elementary classroom], we just didn’t have enough time [for STEM]. What’s
weird, though, is that there was so much dead time throughout the day that I wonder if
STEM really could fit in if things were run more efficiently. For example, does it really
take 30 minutes to pack up and get ready for the end of the school day? That’s your
science time right there that is missing each day. (Jennifer, Phase III interview)
Jennifer and Karina both acknowledged that there are time constraints for both elementary and
middle school teachers. They concluded, however, that they felt there was more flexibility for
STEM integration in the elementary setting versus the middle school setting.
Collaboration. While some of the pre-service teachers, such as Chad, Sarah, and Karina,
had cooperating teachers who were very open to learning about STEM and were supportive in
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allowing the pre-service teachers to practice integrating STEM, Dawn and Jennifer both found
themselves in situations where their cooperating teachers were not open to discussing or
implementing STEM. It was noted by all five pre-service teachers that being in a collaborative
professional environment is very important when approaching STEM integration. Sarah
described the difficulties she faced when considering an approach to STEM when working with a
team of teachers who were, as she described, “very stuck in their ways” after working together
for a number of years:
My team very much worked as an all-for-one and one-for-all type of unit. They’ve been
working together forever, and they are constantly saying, “They [the administration] can
say what they want, but this is how we have always done it.” So, if they bought into the
STEM thing, they would be unstoppable with it. If they didn’t [buy into it], there is no
way it would ever happen. So, the team you end up working on can really make the
difference between implementing stuff like STEM or not. Will my team be into it? I
don’t know. I guess it depends on how it is presented to them by the higher-ups. (Sarah,
Phase III Interview)
Dawn noted the importance of collaboration between not just the teachers within each grade
level team, but also between the teachers and the curriculum professionals at the district level:
It’s pretty evident in schools that not everyone agrees on everything, and even the
professional people who work in curriculum don’t necessarily agree. There needs to be
better communication and people who can really help. We’re all in this together, and we
need good leadership to see it through. (Dawn, Phase III Interview)
The possibility that his colleagues may not be collaborative incited trepidation in Chad. He
described his fears of conforming in his Phase III interview:
I think STEM will be a work in progress with me. I definitely want to use it in the future,
but I will be a little cautious. I’m kind of afraid of falling into the trap of just doing it
their way once I get a job. I’m very regimented, and I am a conformer. So, I’m afraid
that if I have a team who says, “We’re not doing it that way,” or “We’re not teaching
that,” that I might get caught up in that mind set, too. (Chad, Phase III Interview)
The pre-service teachers conclude that in order for STEM integration to be successful, a
collegial atmosphere of collaboration is needed. While difficulties may exist in establishing
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consistency as to the approach utilized, with the help of qualified professionals in the field,
effective collaboration is possible and necessary.
Existing curricula and standardized testing. During the study, all five pre-service teachers
completed their AFE experience during the spring semester when the state-wide standardized
tests were being implemented. As such, they all noted feeling a lot of pressure on behalf of the
administrators, teachers, and students with regard to implementation and performance. The tests,
they noted, were linked back to the Common Core standards and primarily related to math and
language arts content. As such, all five participants noted that existing curricula may make it
difficult to integrate STEM in the future. Dawn expressed concern about standardized tests in
her Phase III interview:
We have to prepare our students for standardized tests, and it’s sad to have to focus on
that so much because it seems like even the teachers who care a lot about science or
social studies end up letting those areas go to focus on the stuff that’s tested. It’s like all
roads lead back to math and language arts, all day every day. That’s where the value is
placed. (Dawn, Phase III Interview)
Chad also expressed the belief that standardized tests impacted the value placed on content areas
outside of math and language arts. He stated, “I feel like the attitude [in the field] is that if it is
tested, it is valuable, and if it’s not tested, it’s not valuable.” Sarah’s reflections in Phase III
paralleled Chad’s assertion that the content areas that are tested are the ones that are most valued.
Sarah described feeling a though there was a lack of value placed on science and social studies
content areas, specifically, which she noted are two areas that are not as commonly tested as
math and language arts:
We only have about a half hour for our science-social studies time, and it’s usually pretty
crunched since math and reading are the main focus. Math and language arts times are
allowed to run over, and when they do, science and social studies are the first to go.
(Sarah, Phase III interview)
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From a middle school perspective, Jennifer felt that the Common Core decreased the
overall emphasis on integrating with other content areas. Jennifer spoke from a math
perspective:
As a future middle school teacher, when I look at my Common Core math standards, I
don’t see STEM jumping off the pages at me, so I don’t know how it will really fit in
with me. I’m not sure my math people are really going to value more than the “M” of
STEM. (Jennifer, Phase III interview)
Karina also felt that there was a lack of emphasis on integrating other content areas, as she also
felt that the content areas were viewed in a very compartmentalized way by the faculty. Karina
was able to see STEM being implemented within her final student teaching semester because she
worked with a cooperating teacher whose goal was to pilot the Next Generation Science
Standards in conjunction with the existing science curricula. However, Karina noted that there
was never any collaboration between science and math teachers at her school. She did not feel as
though there was decreased emphasis on the content area of science at the middle school level
due to Common Core; however, she did feel as though integration of the STEM content areas
outside of the science classroom was “very lacking” (Phase III Interview). Both Jennifer and
Karina did describe, however, struggling in their AFE experiences with regard to the
standardized testing and its subsequent monopoly of the school’s technology resources, namely
the lap-top carts and computer labs. Lacking in technology to use for instructional purposes, as
they both described, severely limited their ability to integrate this component of STEM into their
instruction. As Karina described, “it’s kind of hard to do research when the library materials are
out-of-date and there are no laptops for us to use” (Phase III Interview).
Resources. All five pre-service teachers noted adequate resources as being an area that is
lacking with regard to implementing meaningful STEM curricula in their field placements. Their
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emphasis on the importance of adequate resources differed slightly. Dawn described believing
that adequate resources are not essential in all cases:
I don’t know if you really need resources provided by the school to make STEM happen
if that is what you really want to do. I think you could do it yourself. Having technology
would be nice, obviously, because that’s not something you can really afford to buy for a
whole class of students [laughs], but if I found myself in a lower-income school, I know I
may not get that. So I feel like you just have to be willing to work around that. (Dawn,
Phase II Interview)
Dawn’s perspective, however, was not shared by her four peers. The remainder of the preservice teachers expressed the belief that, in order to successfully integrate STEM, they needed
resources available for implementation.
All five pre-service teachers indicated that for most hands-on activities at the K-5 level,
the materials had to be purchased by the teachers. While the participants generally felt that
resources for math instruction were adequate in their field placements, all five indicated that
resources were lacking when it came to the areas of science, technology, and engineering. They
felt that there were resources available for math. Karina was the only participant who believed
her science-based materials were adequate in her AFE placement at the middle school level. She
descried her science lab as having “totally appropriate materials…stuff that you’d expect to see
in any science lab” (Phase III interview). Karina explained that her lab was stocked in such a
way that she was able to implement STEM-based activities with relative ease. She
acknowledged, however, that when she was student teaching in a 4th grade classroom, the science
materials were “seriously lacking” (Phase II interview).
Professional development. The final area that the pre-service teachers identified as an
area that was lacking in their field placement schools was teacher support in the form of
professional development. As Jennifer articulated at the end of Phase II, although she felt she
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had grown as a teacher with regard to STEM, she believed more professional development was
necessary to become fully proficient:
I feel like I need more training. We got a lot of good stuff in our methods classes, but at
the same time, it’s not like we leave IFE as expert teachers. I feel like I still have so
much to learn. Hopefully I’ll get it [more professional development] when I start my first
teaching job. (Jennifer, Phase II Interview)
Sarah’s attitude paralleled that of Jennifer:
Teachers need to be taught about STEM. How can teachers be expected to integrate it if
they don’t know what it is or how to do it? I never saw it in the field. I never heard
about it in the field. When I brought it up, my cooperating teacher seemed interested, but
I feel like that interest will fizzle out really fast if there’s not good support there [from
administration]. I feel like I need even more than what I got in methods, so I can’t
imagine how they might feel having had no exposure [to STEM and the Next Generation
Science Standards] whatsoever. (Sarah, Phase III Interview)
Karina also expressed a need for teachers to be provided with professional development not just
for competency, but also for increased buy-in:
If the teachers don’t get exposed to STEM, I don’t think it will happen. For us to want to
take the field in a certain direction, the teachers need to be developed in those areas. As a
new teacher, I can’t do this alone. (Karina, Phase III Interview)
Dawn and Chad both expressed a concern over the lack of support they had seen in their
field experiences with regard to STEM. Both of them approached STEM with the attitude that
they will move forward with the goal of continuing to learn more to improve their
implementation:
I feel like STEM will have to be a personal initiative from here on out, at least until they
roll out the Next Gens. I don’t think they have a very good support system out there in
the schools at this time. I still see it as valuable enough, though, that I will continue to
learn more about it, and I will integrate it wherever I can because I have seen first-hand
how beneficial it is for my students. (Chad, Phase III Interview)
Dawn shared Chad’s determination, as she concluded:
I hope I have the opportunity to keep learning more about STEM as I start my teaching
career. I want to be able to get into the more advanced levels of integration as I move
forward because I know what we learned about [in our methods class] was more of a
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beginner or intermediate level of integration. I’m not afraid to go out of my comfort zone
and keep learning, even if I end up teaching somewhere that they [my colleagues] aren’t
embracing it. I will find a way. I know there is a way. (Dawn, Phase III Interview)
By providing teachers with professional development, the pre-service teachers felt that
administrators could create an atmosphere in which teachers would be more open to
implementing methodologies associated with STEM curricula. Specifically, the pre-service
teachers noted that when teachers are able to see the impact of STEM integration on students’
attitudes and achievement, the pre-service teachers believe the level of buy-in will increase. An
important factor to consider in increasing teacher buy-in, though, is offering support through
professional development.

Confidence in Integrating STEM

Research Question #4: Does participating in preparation for STEM-based integration affect
elementary pre-service teachers’ confidence in integrating STEM into their instruction?
H3: STEM-based preparation will positively increase pre-service teachers’ confidence
in integrating STEM into their instruction.

Quantitative Analysis

A quantitative analysis to answer this research question was conducted by comparing the
means across the three phases of this study. A Kruscal-Wallis test using a 95% confidence
interval was utilized for this purpose by comparing the means for overall STEM confidence as
measured by the STEBI-B survey (see Appendix G). The results are shown in Figure 7.
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Figure 7. Average confidence score for each of the three phases and a 95% confidence interval.

As noted in Figure 7, the mean confidence of the pre-service teachers as measured by the
STEBI-B survey was significantly higher in Phase II (xˉ = 4.26) and Phase III (xˉ = 4.22) than in
Phase I (xˉ = 3.29, Kruskal-Wallis, p < 0.001). The findings support the directional hypothesis
that STEM-based preparation will positively increase pre-service teachers’ confidence, but only
with regard to Phase I to Phases II and III. There was no significance found between Phases II
and III of the study (Kruskal-Wallis, p ˃ .05). In fact, confidence decreased slightly, but not
significantly, between Phase II (xˉ = 4.26) and Phase III (xˉ = 4.22). It is important to note that
caution must be used when generalizing this finding to the larger population due to the small
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sample size of this study. For details concerning the individualized confidence scores for all 12
of this study’s participants, see Appendix N.
Qualitative Findings

The five participants who were interviewed during each of the three phases of data
collection all experienced shifts in confidence as the study progressed. The qualitative findings
from the one-on-one interviews within each phase mostly mirrored the change in mean scores as
measured by the STEBI-B Survey. A synthesis of the pre-service teachers’ perspectives
indicated several shared themes throughout the data pertaining to confidence, including the
preparation and experiences that the pre-service teachers believed influenced their selfconfidence and the questions or feelings of uncertainty that lingered at the end of the study.

Preparation and Experiences Influencing Confidence in STEM Integration

In the Phase I interviews, none of the pre-service teacher candidates cited any feelings of
confidence pertaining to STEM or STEM integration. Overall, they felt they had not learned
about STEM yet and did not know more than what the acronym stood for. The pre-service
teacher candidates asked questions in Phase I such as, “What kinds of sciences and math are
involved in STEM? How specific is it?” (Dawn, Phase I), or “Is it [STEM] going to be
necessary to my profession in the future?” (Sarah, Phase I). All five pre-service teachers used
the word “overwhelmed” to describe how they felt approaching STEM in their Phase I
interviews. Karina was the only participant who felt she knew more about STEM than what the
acronym stood for based on her previous experiences working with the Next Generation Science
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Standards in an independent study course that she took with a science faculty member at the
university. As a result, her confidence was the highest of anyone in the study in Phase I.
When considering their confidence in each of the core content areas of STEM within
their Phase II interviews, all five ranked math and science as their top two most confident areas,
ranking technology and engineering in their bottom two areas (least confident). They attribute
this, in large part, to their perceived lack of preparation in the STEM areas, both in K-12 and in
college, including their teacher education preparation leading up to the methods semester. As
Dawn described in Phase II:
I feel the most confident with science and math. Those two are the easiest ones to
combine, I think. It’s easy to see how those two are connected and [there’s] a little more
gray area when it comes to [technology and engineering]. Technology and engineering
are the most difficult for me, and I feel more uncomfortable with those two areas because
when I look back at my gen eds and what I’ve learned while I’ve been in school, I just
don’t feel like I’m as prepared as I should be. I am more confident in the areas where I
know I have at least gotten something, preparation wise. I have never had any
engineering to speak of, and technology…it’s like it keeps changing, and I’m not sure my
classes have really kept up with it. (Dawn, Phase II Interview)
Jennifer’s confidence in technology mirrored that of Dawn, as she explained frustration over not
feeling she has ever felt confident in technology due to fewer and less meaningful experiences:
I feel pretty good about math, science, and engineering. I took an engineering class in
high school, so it makes me feel good about teaching it knowing I have touched upon it in
the past. Technology...I just don’t feel that great about it. The experiences that I did
have didn’t really go well for me. I don’t really ever remember working with technology
and feeling super good about it. (Jennifer, Phase I Interview)
Sarah also spoke in her Phase I interview about her lack of confidence in technology, and more
specifically engineering, although her perspective was influenced by the attitude that engineering
was boring or unappealing to her students:
Math and science seem like content areas that you really need as a student. I say that
because up until this point in my life, I don’t know that I’ve ever been exposed to or been
asked to think about engineering. Technology, yes. I get it that technology is important.
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I just don’t necessarily feel confident in using it all the time when I don’t have access to it
to learn it or whatever. I definitely don’t feel good about teaching engineering because
sometimes I wonder if it is even going to be interesting to my students. If they aren’t
interested in it, I don’t feel good about teaching it. (Sarah, Phase I Interview)
Despite feeling reservations about their confidence in STEM, the pre-service teachers were open
to learning more and improving in weaker areas.
All of the pre-service teacher candidates experienced an increase of confidence between
Phase I and Phase II of this study. The experience that all five candidates cited as impacting
their confidence the most was the design and implementation of the Integrated STEM Unit,
which was completed as a major project in the science and social studies methods course in the
Intermediate Field Experience (IFE) methods block. Dawn simply stated in her Phase II
interview, “I think STEM can be really simple, and I wouldn’t be able to say that with this much
certainty if it wasn’t for the STEM unit.” Dawn described the actual teaching of the STEM unit
as a pivotal experience that impacted her confidence:
If I hadn’t been able to actually teach the STEM unit, I don’t think I would have learned
as much, and so I don’t think I would feel as good about it leaving methods as I do now.
It’s so easy to write something out, but have you really learned it? Can you really be
confident in your ability to pull it off? It’s constructivism at work here. You have to
learn by doing. You have to perform. You have to be able to see students learning
STEM and physically teach STEM. Doing it live is so much more meaningful. If I
wasn’t able to actually implement it [STEM] this semester, I wouldn’t feel like I had a
clue what I was doing next semester. It would be a blow to my confidence because I
wouldn’t really know. (Dawn, Phase II Interview)
Sarah, too, felt as though the Integrated STEM Unit was an essential experience in raising her
confidence in her ability to teach STEM. She described her perspective within her Phase II
interview:
At first, when we were introduced to the STEM Unit, it was a shot to the face [laughs]. It
was like, ‘What is this?!’ We hadn’t seen it before. It was integrating stuff we had no
idea about, like STEM and the Next Gens. It was really scary and at first I was like,
‘There’s no way I can do this.’ Then, as I kept planning for it and I got into the teaching
of it, I started figuring out that it wasn’t so bad. I started to feel like, ‘Maybe I can do
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this!’ And the more and more my confidence started going up, I was able to really look
back on it and realize, ‘Hey, this is good stuff! (Sarah, Phase II Interview)
Jennifer described her increase in confidence between Phases I and II by simply stating,
“The STEM Unit…keep doing that. It helps. It really helps. I feel so much better about doing
STEM in the future because I got to teach that unit.” Displaying an ever-humble demeanor,
Chad discussed his increase in confidence between Phases I and II despite believing that he has
room to grow and improve:
When I integrate STEM, I don’t feel like I always do it the best way or the most
meaningful way, but I feel like I have gotten a lot better at it and I think it [the STEM
Unit] really gave me that boost of confidence because I was able to see with my own two
eyes that I could do it, I did do it, and so I can definitely replicate it in the future. Just
like with anything, if you just do it, you’re going to get better at it, and as you get better,
your confidence goes up. (Chad, Phase II Interview)
Karina’s confidence increased between Phases I and II as well, starting as the most self-confident
participant in Phase I and remaining among the most self-confident participants in Phase II. In
her Phase II interview, Karina described her experiences with the STEM Unit as they pertained
to her confidence:
I feel very prepared [to integrate STEM] from here. I feel very comfortable teaching
science. I am extremely comfortable with STEM. I know how to teach it and I am very
confident with that, especially since I got to teach it during my methods class, so I got to
see the students respond to it so positively. I am very confident with the outcome of my
unit because I have a science background that a lot of my peers don’t have, so I was super
comfortable. I consider myself a scientist even though I don’t…I’m not technically a
scientist, but you know, I feel very, very confident. I think I am more confident than any
of my peers. (Karina, Phase II Interview)
Between Phases II and III, the confidence levels of all of the interview participants
decreased, parallel to the change in confidence of the larger group (n = 12). Chad and Karina
found themselves in placements for their Advanced Field Experience (AFE) in which they were
able to implement STEM; however, Sarah, Dawn, and Jennifer were not able to integrate STEM
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in their AFE semester. Dawn described in Phase III feeling that she is ahead of practicing
teachers in terms of her overall knowledge of STEM, yet she felt more unsure than she did in
Phase II based on not being able to continue practicing the integration of STEM:
I think I definitely have a step up over current teachers because I have had this exposure
to STEM that they haven’t. In conversations I’ve had with my cooperating teacher, I feel
like I definitely know more than she does, so I feel confident that I am prepared. At the
same time, though, I tried to put STEM in wherever it would fit [in my AFE], and I just
had a hard time trying to get everything to fit. I usually ended up seeing the connections
when all was said and done and I was reflecting back on what I did. So the fact that I
have to experience it all and then I am able to pick out connections and stuff makes me
feel a little more shaky about it. (Dawn, Phase III Interview)
Jennifer struggled with feeling confident about STEM integration in her AFE placement in a
middle school math classroom because, as she described in Phase III, she found it difficult to
approach STEM from a math-focused perspective.
It was hard for me to look at it from a math point of view. It all felt so
compartmentalized, and even though I got to practice integrating STEM [in IFE], we
didn’t get to actually teach anything at the middle school level, you know? And we
practiced looking at it through a science lens, but we didn’t approach it from a math lens.
So, going into AFE and not having that actual practice, and then seeing how when you’re
in math and you just teach math…I’d say that messed with my head a little bit and made
me think, like, ‘Gee, can I actually do this?’ But I feel a lot more confident than I did in
the beginning. I know I have grown a lot. Now I just need to get over myself and just do
it. [laughs]” (Jennifer, Phase III Interview)
Sarah concluded, too, that more practice was needed to truly make her feel confident in her
abilities to integrate STEM:
With STEM, yes, we learned about it, and I felt pretty good about it, but honestly, I
haven’t even been exposed to it at all since we had [the STEM unit], so it’s one of those
things that I’d like to keep learning about. I got to do it once, and I haven’t had a chance
to practice it since. That makes me feel a little uneasy. (Sarah, Phase III Interview)
Two of the candidates, Chad and Karina, did get to integrate STEM into their teaching
experiences in AFE with encouragement to do so from their cooperating teachers. Their
cooperating teachers helped them to select units or lessons where STEM-based skills or concepts
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would meaningfully connect based on the Next Generation Science Standards. Karina’s
confidence may have experienced a slight decrease quantitatively, but qualitatively, she
remained steadfastly confident in her abilities to integrate STEM in Phase III:
We got all kinds of resources and stuff in our science methods, and I was able to use
pretty much all of it in my AFE. That has totally made it easier and I feel really, really,
really good about it. Even though I struggled sometimes [in AFE], I feel like it had more
to do with stuff like classroom management, you know? Like, my science teaching and
my planning for STEM, I feel like those were strong all the way through. I feel really
confident about that now and moving forward. (Karina, Phase III Interview)
Chad’s confidence decreased slightly between Phases II and III, but still experienced an overall
increase throughout the study. Unlike several of his peers, he was able to integrate some STEM
into his instruction during his AFE experience. As Chad explained in Phase III, “I still don’t feel
like what we pulled together was enough or that the STEM experiences we designed were of the
same quality that we were taught to create” in the science and social studies methods course.
Chad explained that, while he still felt confident overall in integrating STEM, particularly in
comparison to “other people who maybe didn’t have the same type of exposure and experiences
that we had in [the methods course],” he still felt as though he needed more opportunities to
practice to truly feel confident in integrating STEM. Chad explained in his Phase III interview:
It’s kind of like this for me…so you learn how to ride a bike when you’re young, right?
And it’s not that you ever forget how to ride a bike. You always remember how
somehow, but if you haven’t ridden for awhile and you get back on, you definitely feel a
little wobbly when you first start out again. You get the hang of it pretty quick, but there
is that initial stage of having to get re-acclimated. That’s kind of how I feel about STEM.
I am above and beyond more confident than when I started, but it’s been awhile since I
have been able to do it how I believe it really should be done, so for that reason, even
though I would still say I feel really good about it, I guess I feel a little bit like I might be
kind of wobbly when I try to do it again. (Chad, Phase III Interview)
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As Chad concluded, putting STEM into practice one time, while valuable and confidenceboosting, does not equate to longitudinal confidence. In order for pre-service teachers to feel
confident over time, opportunities to put research into practice are necessary.

Lingering Questions About STEM

Four of the five pre-service teacher candidates who were interviewed for this study
described having questions remaining as the study culminated and they moved on toward their
teaching careers. Karina was the only candidate who did not have questions, explaining “I feel
really good about it, so I don’t think there is anything that I’m not sure about or anything I don’t
feel like I know about.” The remaining four candidates, though, had questions as the study
culminated that they described as influencing their levels of confidence.
Beginning with Dawn, she described having ample experiences with integration in her
IFE and AFE field experiences, namely when it came to integrating science or social studies into
language arts, but she felt her experiences with STEM integration were lacking. Dawn noticed
that the emphasis in her field experiences focused on the content areas of Common Core,
especially math and language arts. Her question that remained was:
How do you find a balance between STEM and Common Core? I’m not so worried
about math because I think math can so easily be his with STEM since it’s part of STEM
in the first place. It’s the literacy part I’m worried about. I’m unsure of how I’ll be able
to pull that off in a meaningful way. (Dawn, Phase III Interview)
Chad’s question that lingered at the end of this study pertained to his desire to accumulate quality
resources with which he could design better lessons and units in the future. He articulated in
Phase III:
I think one of the things I still really want to learn about are maybe the resources I could
pull from to help me, especially in the areas I’m less confident in like science and math. I
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think I also struggle with being really creative, so I’m always looking for resources to
sort of jump start my creativity. I’m confident that I can write the lessons and then teach
the lessons; it’s the sparking of my imagination where I feel like I need the most help and
where I think I need to grow. (Chad, Phase III Interview)
Sarah’s lingering question mirrors parts of both Chad and Dawn, as she wants to know more
about navigating a Common Core-based curriculum from both a time and creativity perspective:
I don’t really feel confident that I will be able to fit it all in at the end of the day. There is
so much to do in a school day just to get Common Core covered. Where is STEM going
to fit in? And if it does fit in, how can I do it to where my kids are really into it and
excited about it? They won’t be excited about it if the lessons I plan are boring. I need a
book or some sort of data base or something to pull from, like an idea bank. (Sarah,
Phase III Interview)
Jennifer does not worry about being able to be creative in her planning. Rather, her perspective
as one who sees herself as more of a middle school teacher caused her to question her ability to
integrate STEM in a compartmentalized teaching environment. In Phase III, she explained, “If I
am going to be teaching middle school, how will STEM really happen when the science and
math teachers, for example, don’t work together at all?”
The questions that linger are ones that the pre-service teacher candidates feel they will
eventually find answers through practice and experience as they embark on their careers in the
field. Of the four candidates for whom questions remained, all four discussed feeling as though
more practice would continue to improve their confidence over time. Although Karina did not
have lingering questions that she felt influenced her confidence, she, too, acknowledged in Phase
III, “the more I am able to use STEM, the more comfortable I am going to continue to feel.”
Practice, then, was the conclusion that all participants came to as being integral to improving
their confidence levels.
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Summary
In this chapter, quantitative and qualitative findings were presented as related to the four
research questions. To answer the first research question as to whether there was a correlation
between STEM perceptions and abilities, quantitative data showed no significant correlation.
Qualitative data showed, however, that the pre-service teachers who were interviewed (n = 5)
grew in ability to define, discuss, and design integrated STEM experiences for elementary
students, and their perceptions changed positively over the course of the study.
To answer the second research question as to whether STEM-based preparation had an
affect on elementary pre-service teachers’ overall perceptions of STEM, quantitative data
suggested a statistically significant increase in perceptions between Phases I and III of the study.
Qualitatively, the pre-service teachers’ perceptions improved over time and mirrored the overall
positive trend in the quantitative data. Because of this, the findings support the directional
hypothesis that STEM-based preparation would improve participants’ perceptions from
beginning to end of the study.
The third research question asked whether STEM-based preparation had an affect on
elementary pre-service teachers’ attitudes toward STEM. Quantitative data suggested no
significant change in attitudes throughout the study. Qualitatively, the pre-service teachers’
attitudes improved over time; however, circumstances surrounding the difficulties in integrating
STEM into future instruction caused some of the pre-service teachers’ attitudes to waiver by the
end of the study. Because of the lack of statistical significance and the conflicting results
between the quantitative and qualitative data as well as the potential trend for the pre-service
teachers’ attitudes to waiver as difficulties were faced, the directional hypothesis that the STEMbased preparation would improve the participants’ attitudes was rejected.
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The fourth research question asked whether STEM-based preparation had an affect on
elementary pre-service teachers’ confidence in integrating STEM into their instruction.
Quantitative data suggested a statistically significant increase between Phases I and II and Phases
I and III of the study. Qualitatively, the pre-service teachers’ confidence improved over time;
however, a slight decrease in confidence was noted in Phase III, as was mirrored insignificantly
in the quantitative findings. Overall, the findings supported the directional hypothesis that
STEM-based preparation would improve the participants’ confidence in integrating STEM into
their instruction between Phases I and II and I and III.
In the next chapter, the findings are discussed. Implications for practice are presented as
well as recommendations for future research.

CHAPTER 5
DISCUSSION, IMPLICATIONS, RECOMMENDATIONS, AND CONCLUSIONS

In this chapter, the four research questions that guided this mixed-methods study are
presented with discussions of how the quantitative findings are supported or refuted by the
qualitative findings. The conclusions drawn from this discussion can add to the body of existing
research and expand opportunities for future studies, as discussed later in this chapter.
Additionally, the limitations and implications of the study are presented, followed by a
conclusion to close the chapter.

Actual STEM Integration Abilities vs. Perceptions of STEM Content and Abilities

Research Question #1: How do perceptions of elementary pre-service teachers who participate
in STEM-based preparation relate to their actual abilities to integrate STEM into their
instruction?
A correlation of the data collected from the Phase II STEM Semantics Survey (overall
STEM perceptions; see Appendix F) and the analytical rubric for the Integrative STEM Unit
(abilities to integrate STEM; see Appendix K) suggested that there was no correlation between
overall STEM perceptions and abilities. Qualitatively, the findings from the interview data were
less clear. For example, some participants with very high perceptions had high ability, while
some with high perceptions had less ability (see individual rubric and variable scores in
Appendix N). The range of scores was narrow, however, resulting in a limitation as to the
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conclusions that could be drawn from the data. The range in individual participant perception
scores was also narrow, as outlined in Appendix N. Interestingly, the five pre-service teachers
who were interviewed did exhibit some positive changes in their abilities and perceptions of
STEM, as outlined in the coming sections.

Definitions and Discourse Abilities

When the study began, none of the pre-service teachers were able to identify more than
what the STEM acronym stood for, and their overall discourse on STEM in practice was met
with blank stares or statements of uncertainty. By the end of Phase II, however, after engaging
in STEM-based preparation and planning for STEM instruction through a constructivist-based
lens, which served as the framework for this study, the pre-service teachers were able to
articulate detailed definitions of STEM and engage in robust discourse surrounding the
integration of STEM in practice. The quantitative data suggested no correlation between the
rubric scores and perceptions, which is supported by the qualitative interview data in the sense
that all of the pre-service teachers, including those interviewed whose scores were lower, such as
Sarah’s, whose scores were in the lower 50% of the group, were able to engage in STEM-related
discourse on a proficient level (defined by being able to accurately define STEM and describe
what STEM should look like in practice) in their Phase II and III interviews. This finding was
initially surprising to the researcher given individuals like Sarah, who scored in the lower 50% of
the group on the analytical rubric, but was able to engage in proficient discourse. Upon further
reviewing the data and analyzing the limited variability of the rubric scores, however, the
researcher determined that scoring in the lower 50% does not indicate non-proficiency. As such,
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the lack of variability of the rubric scores is noted as a limitation of the study in a later section of
this chapter.
Overall, it was determined that the STEM-based preparation provided during the methods
semester improved the pre-service teachers’ ability to engage in meaningful discourse pertaining
to defining and discussing STEM. This finding supports the conclusions of Atkinson and Mayo
(2010) and Bybee (2013), who explained that pre-service teachers who are explicitly prepared
for STEM integration will be better equipped to comprehend the intricacies of STEM, engage in
STEM discussion, and put STEM into practice. Discussing STEM and “talking the talk,”
however, is noted by Bybee as being important, yet not all-telling in terms of a teacher’s ability
to engage meaningfully in STEM-based integration. The authentic learning experiences in which
pre-service teachers can build their understanding and put STEM into practice are noted as the
main predictors in the overall preparation for pre-service teachers to be able to integrate STEM.
The findings of this study in comparison to the findings of Bybee and Atkinson and
Mayo led the researcher to conclude that consistent, authentic practice over time is most
important in developing pre-service teachers’ abilities to integrate STEM. Engaging in discourse
may have been helpful in refining and evidencing the pre-service teachers’ thinking about
STEM, but planning and teaching a week-long STEM unit was noted by the pre-service teachers
as having been the most meaningful in developing their abilities for STEM integration.
Approaching pre-service teacher preparation for STEM integration can be complex given
the fact that definitions and purposes of STEM vary widely from school to school and even
teacher to teacher (Brown et al., 2011). In the case of this study, the pre-service teachers saw
little to no STEM being implemented outside of the methods course, and there was little to no
meaningful dialogue pertaining to STEM that took place outside of the methods course. This
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finding supports that of Fulton and Schmidt (2015) who found that elementary pre-service
teachers did not see extensive use of STEM in practice in their field experience placements.
Because STEM is not widely seen in practice yet, creating opportunities for elementary preservice teachers to learn about STEM units/lessons within their teacher education programs
seems judicious and pragmatic. In doing this, pre-service teachers can be better prepared and
more comfortable with STEM content and serve as leaders in STEM integration in their future
classrooms.
After engaging in STEM-based preparation within the methods course, the pre-service
teachers had built a knowledge base by Phase II and into Phase III and were able to engage in
discourse which connected STEM to 21st-century learning, inquiry-based learning, and hands-on
learning, all of which have been found to support meaningful STEM experiences for elementary
students (Bybee, 2013; Dugger, 2010; National Research Council, 2012; National Science
Board, 2012; Sanders 2009). All of the pre-service teachers ended the methods course
possessing enough STEM integration ability to have passed the course; however, the pre-service
teachers who were interviewed showed variance in their ability to deeply reflect on the various
aspects of STEM, such as how STEM ties into theory, and how research translates to practice.
While all were deemed proficient, some of the pre-service teachers were more able to “talk the
talk” of STEM than others. For example, while Dawn was able to draw upon Bybee’s 5E Model
and constructivism in her reflections on STEM, others struggled to remember the theories by
name, although they were able to recall general information about the theories represented in the
methods course, causing them to be considered proficient, but not advanced in their discourse
ability. This led the researcher to conclude that the pre-service teachers who could more deeply
engage in discourse would more likely be capable of “walking the walk” of STEM meaningfully
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in practice than those who were unable to engage in meaningful discourse. This conclusion
mirrored the finding of Adams et al. (2014), who articulated that utilizing methodologies that
supported elementary pre-service teachers’ development in STEM, with regard to engaging in
both practice and discourse, increased their comfort and ability to integrate the STEM disciplines
into their instruction. In other words, given a common language and the ability to meaningfully
communicate with regard to the intricacies of STEM may increase the likelihood that pre-service
teachers will be able to collaborate with peers and design meaningful learning experiences for
their students.

Connectivity Within STEM Preparation Experiences

At the onset of the study, the pre-service teachers were not able to articulate meaningful
connectivity between the STEM disciplines. By the end of Phase II, they were able to cite valid
examples of connectivity between the disciplines based on what they had created and put into
practice within their Integrated STEM Units. Adams et al. (2014) found that in order for
elementary pre-service teachers to be able to design and implement integrative learning
experiences that will be meaningful for elementary students, they must be given the opportunity
to engage in collaborative planning experiences. Most importantly, pre-service teachers need to
be able to put their plans into action with elementary students. This study also found that putting
STEM-based units into practice helped the pre-service teachers’ to cultivate positive perceptions
of STEM that they may not have otherwise developed had they not been able to design lessons
authentically. That is, if the pre-service teachers had designed lessons for fictitious students,
there may not have been as great of an impact on their perceptions. When asked to reflect upon
the teaching experience for the Integrated STEM Unit, all five participants discussed in their
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Phase II interviews that the teaching is what made them grow more than any other factor of their
STEM-based preparation experiences. For example, as Dawn described in her Phase II
interview, having to perform for real students made she and her peers put a greater deal of time
and effort into their units because of the authentic nature of teaching real students.
The pre-service teachers within this study were able to articulate the connectivity
between the STEM disciplines within their units more meaningfully as a result of the
constructivist-based concept of putting their lessons into practice, which is supported by the
findings of Epstein and Miller (2011) and Williams (2011), who concluded that expertise in the
STEM content areas is more easily achieved through authentic practice. The Embedded
Approach outlined in the framework of this study and used by the pre-service teachers as they
put their Integrated STEM Units into practice proved to be straight-forward, perhaps more so
than more complex models of integration, thus being a good fit for beginning pre-service
teachers (Bybee, 2013). Additionally, the Embedded Approach allowed the pre-service teachers
to view STEM through one particular content area of focus (science). By placing one content
area as the focus of the unit, it allowed the pre-service teachers to engage in what Bybee (2013)
describes as a first step toward integration in which one discipline is designated as the dominant
discipline and other areas are introduced as appropriate or needed to support the content being
taught in the primary discipline. The nature of the methods course already placed emphasis on
science, so the experience of pulling in other content areas supported the outcome of learning
how to integrate other content areas with science and social studies, and it also provided a
structured means for the pre-service teachers to engage with integration for the first time. The
structure of the Embedded Approach also mirrors that of the Next Generation Science Standards,
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which are written from a science perspective and opportunities for engaging students with the
areas of technology, engineering, and math are laced throughout (Achieve, Inc., 2013).

Overall STEM Perceptions

Research Question #2: Does participating in preparation for STEM-based integration affect
elementary pre-service teachers’ perceptions of STEM?
H1: STEM-based preparation will positively increase pre-service teachers’ perceptions of
STEM.
Quantitatively, the pre-service teachers’ overall perceptions of STEM increased
significantly between Phases I and III of the study. Within the one-on-one interviews, the preservice teachers also described positive shifts in perceptions as the study progressed. Within the
qualitative data, themes emerged in relation to the significant quantitative data with regard to
individual perceptions of STEM during the study, pre-service perceptions of their cooperating
teachers’ perceptions of STEM, and pre-service perceptions of their elementary students’
perceptions of STEM.

Reflections on Individual Perceptions of STEM

While some of the pre-service teachers, such as Chad and Karina, engaged in minimal
science or STEM integration in their field experience classrooms, they generally articulated
within their one-on-one interviews that STEM was not well-represented in the field. The preservice teachers explained that restructuring was necessary before STEM, which Dawn and Chad
perceived as a brand-new initiative, could be integrated more regularly into the existing
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elementary curricula, a conclusion which was supported by the findings of Atkinson and Mayo
(2010) and PCAST (2010).
Although the concept of STEM is not new to the field (Bybee, 2013), because the preservice teachers perceived to have had little to no exposure to STEM as K-12 or college students,
they may have viewed STEM as a cutting edge topic when they heard about it within the
methods class. Dawn, for example, articulated several times throughout her Phase II and III
interviews that STEM was cutting-edge and unlike anything that existed before in the elementary
curricula. Additionally, since they were not seeing science adequately represented in the field,
the pre-service teachers may have assumed that STEM was missing because it was new. Only
one of the pre-service teachers reported using the Next Generation Science Standards (NGSS)
within her field placement. Because STEM is embedded throughout the NGSS, which were
released in 2013, this likely also influenced the pre-service teachers’ perceptions that STEM was
completely new.

Reflections on Cooperating Teacher Perceptions of STEM

The pre-service teachers within this study continued to be surprised by the fact that
science was not adequately represented in their field experience placements, a finding that was
supported by several researchers who have found that the current elementary curricula are highly
compartmentalized and focus primarily on the Common Core areas of math and language arts
(Adams et al., 2014; Bybee, 2013; National Center on Time and Learning, 2011). Within their
field experience placements for IFE and AFE, the pre-service teachers in this study found that
their cooperating teachers were not actively engaging in STEM dialogue. Those who were, such
as the cooperating teachers of Chad, Dawn, and Sarah, were described as being flustered about
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the impending implementation of STEM as it pertained to the NGSS. Lack of cooperating
teacher knowledge and cooperating teacher apprehension fueled the pre-service teachers’
perceptions that STEM was new and cutting edge, when in fact, the concept of STEM has been
in existence since well before the NGSS (Bybee, 2013).
Common Core was the main focus of the cooperating teachers with whom the pre-service
teachers worked during the study. Because the pre-service teachers were under the tutelage of
cooperating teachers whose focus was on Common Core and had not yet shifted to the NGSS,
the pre-service teachers perceived their experiences to lack adequate opportunities for science- or
STEM-based integration in practice. This finding further supports the notion that teacher
preparation programs, particularly the methods courses, should provide meaningful teaching
opportunities for elementary pre-service teachers to implement concepts which lie ahead on the
horizon, including STEM, an assertion that is supported by the findings of Adams et al. (2014).
The pre-service teachers were aware of how the NGSS, STEM, and the Common Core can all
work in tandem in planning and instruction because of the STEM-based preparation they
received in the methods course, specifically when they delved into the NGSS document, which
lists the Common Core connectivity for each of the NGSS standards.

Reflections on Elementary Student Perceptions of STEM

Being able to implement the Integrative STEM Units allowed the pre-service teachers to
gain insight as to the perceptions of elementary students toward STEM. The pre-service teachers
reflected that STEM was very well received by the elementary students. STEM, the pre-service
teachers articulated, seemed to be a very different way of learning, particularly with regard to
science, than they had experienced in the past as students themselves. This is likely due to the
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fact that several of the pre-service teachers who did engage in science- or STEM-based
integration outside of the methods course did so by integrating science-based content into the
language arts curricula through reading non-fiction texts (Dawn, Phase III; Jennifer, Phase II;
Sarah, Phase III). The pre-service teachers perceived the curricula in their field experience
schools to be very lacking in hands-on, inquiry-based learning components, both of which are
integral to meaningful STEM experiences, a finding that is supported in the research literature
(Bybee, 2013; Levitt, 2002; Lee & Krapfl, 2002; Weld & Funk, 2005). Because the Integrated
STEM Unit was constructivist-based and the pre-service teaches were required to include handson and inquiry-based learning components in practice, their perceptions that the elementary
students were engaging in learning experiences they would not have otherwise received were
further validated. The assertion that STEM-based learning was a new way of learning for the
elementary students was shared by all five participants; however, it must be noted that hands-on
learning is not exclusive to STEM. As such, it is important that further research, discussed in a
later section of this chapter, delve more deeply into the distinction of hands-on and inquiry-based
learning as related to STEM versus other content areas in which these methodologies may also
apply.
Constructivist-based learning experiences in science, while not noted by the pre-service
teachers as typical in the field, were found by the National Research Council (2012) as being
highly effective in engaging elementary students within a STEM curricula, a finding that was
supported by the voices of the pre-service teachers in this study. It is important to note, however,
that engaging in inquiry and hands-on learning are not experiences that are exclusive to STEM
curricula. It is possible that elementary students can be exposed to hands-on and inquiry-based
learning in other content areas outside of STEM; however, the pre-service teachers noted that the

152
type of planning and learning involved in hands-on and inquiry-based learning did not exist in
the field in the manner in which they were exposed in the methods course. While the integration
of these components helped to improve the pre-service teachers’ perceptions of STEM overall, it
could also be argued that a more over-arching finding of the study was that the pre-service
teachers experienced the benefits of hands-on and inquiry-based learning in general. As such,
the pre-service teachers should be encouraged to integrate these components in other content
areas, as discussed in the implications section of this chapter.

Attitudes Toward STEM

Research Question #3: Does participating in preparation for STEM-based integration affect
elementary pre-service teachers’ attitudes toward STEM?
H2: STEM-based preparation will positively increase pre-service teachers’ attitudes
toward STEM.

Pre-service Teacher Attitudes Toward STEM
The quantitative data revealed that there no significant change in pre-service teachers’
attitudes toward STEM during the study. The STEBI-B instrument that was used for this study
(Riggs & Enochs, 1990; see Appendix G), has been used in past studies on pre-service teacher
attitudes toward science (Bleicher, 2004; Hechter, 2011; Plourde, 2002; Sindel, 2010), and has
more recently been used to study pre-service teacher attitudes toward STEM (McDonnough &
Matkins, 2010; Nadelson et al., 2013). The findings of this study refute those of studies in the
past that have found that engaging in authentic teaching experiences in which research can be put
into practice increases pre-service teachers’ attitudes toward STEM (Kotar et al., 2002; Leonard,
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Boakes, & Moore, 2009; Nadelson et al.; National Research Council, 2012; Rogers & Abell,
2013).
As part of the science and social studies methods course, the pre-service teachers were
able to apply what they were learning through an authentic, constructivist-based STEM
integration teaching experience with elementary students. The researcher had anticipated that
doing so would improve their overall attitudes as the previously mentioned studies had found,
which was implied with the directional hypothesis for the study. Upon analysis, when it was
determined that no significant change had occurred, the researcher concluded that various factors
may have contributed to the findings lending themselves to a rejected hypothesis. The preservice teachers articulated in their qualitative interviews that they believed STEM was a
valuable component of elementary curricula, a finding that is supported by a study on curriculum
integration conducted by Koirala and Bowman (2003). In Koirala and Bowman’s study of 35
pre-service teachers, all participants them came into an integrated math and science course with
the belief that integrated teaching was valuable to student learning. As such, all participants in
Koirala’s and Bowman’s study were motivated to utilize integration in their instruction, just as
the participants in this study were with regard to integrating STEM. Similar to Koirala and
Bowman’s findings, however, the pre-service teachers this study became quickly discouraged
upon the realization of the compartmentalization and fragmentation of existing curricula, which
made integration difficult. This phenomenon was mirrored in the current study in the sense that
there was no significant increase in pre-service teacher attitudes as a result of engaging in
STEM-based preparation.
As the pre-service teachers grappled with compartmentalized curricula and gained
exposure to the high pedagogical, instructional, and time demands placed on their cooperating
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teachers, their attitudes decreased as they realized how difficult it would be to take on the
initiative of integrating STEM into the existing curricula. For example, Chad noted in Phase III
that STEM takes “a lot of time to make it great,” and Karina, who was able to design and
implement a STEM-based unit in her AFE semester found it was “too time consuming” to
implement STEM in such a way that the students questions drive instruction over time. The preservice teachers did maintain the assertion, however, that there were opportunities in the existing
curricula for STEM integration to occur. Jennifer, for example, articulated in Phase II that she
noticed a significant amount of “dead time” during the school day. If that unused time, often
existing due to poor classroom management and extensive transition times, could be reduced,
Jennifer explained, time could exist in the school day for science or STEM to exist where it
otherwise does not.
Numerous researchers share the assertion that STEM integration is important at the
elementary level (Achieve, Inc., 2013; Alexander et al., 2014; Knezek, Christensen, & TylerWood, 2011; National Academy of Engineering & National Research Council, 2014; Sanders,
2009; U.S. Congress Joint Economic Committee, 2012). The pre-service teachers in this study
maintained the attitude in all three phases that constructivist-based STEM integration should
begin early. This may have been influenced by their own understanding that their own
background in K-12 and college was not conducive to feeling prepared to engage with STEM
content. Upon seeing the lack of STEM present in their field experience curricula, the preservice teachers in this study may have felt discouraged regarding how they could actualize the
opportunities for STEM-based integration that they pointed out within their qualitative
interviews.
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What was surprising to the researcher was that the pre-service teachers began Phase I
already sharing the assertion that STEM was valuable to the elementary curricula even though
they were not able to define it or articulate its various components. They did not identify any
meaningful STEM experiences in K-12 or college, and many of them came into the study only
being able to identify what the acronym stood for. It may be true, then, that the pre-service
teachers were influenced by the fact that STEM was a topic of study within the methods course
itself, thus causing them to assume its value based on its inclusion in the course. The
researcher’s directional hypothesis was a reflection on the researcher’s own belief that STEMbased preparation would positively impact pre-service teachers’ attitudes toward STEM as it had
in studies previously mentioned. The lack of significant change in attitudes may be attributed to
such factors as changes in attitudes requiring time and consistent experiences to attain.
Additionally, as discussed in Chapter 4, some of the pre-service teachers entered the study with
exceptionally high levels of confidence and maintained or exceeded those levels throughout the
study, even in cases (such as that of Karina) where the levels of ability may refute such a high
level of confidence. Given the small sample size for the study, more research is needed to
determine if additional experiences, such as those in the methods course and beyond into student
teaching or the first year as a practicing teacher, would affect the attitudes of pre-service teachers
toward STEM.

Pre-Service Versus Perceived Cooperating Teacher Attitudes

A theme that emerged within the study that was lacking in the research literature is a
comparison of pre-service teacher attitudes toward STEM versus their perceptions of the
attitudes of their cooperating teachers toward STEM. Overall, the pre-service teachers did not
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believe they were exposed to much, if any, meaningful integration in their cooperating teachers’
classrooms, especially integration pertaining to constructivist-based STEM. A variety of
research studies on math and science integration have found that modeling of integration helps to
promote a higher overall value of the content being integrated among pre-service teachers
(Banks & Stave, 1994; Koirala & Bowman, 2003; Furner & Kumar, 2007; Moye, 2011; Schmidt
& Fulton, 2015). While some of the pre-service teachers in this study did notice minimal
integration of content, they did not believe the integration they saw was as in-depth as the
integration they implemented within their STEM units, and they did not believe they saw
learning experiences taking place that were based on student inquiry or constructivism.
Additionally, they did not believe the integration in the field was necessarily meaningful, as there
were times that it seemed more superficial or forced. Based on the past literature cited, it would
seem as though the pre-service teacher attitudes would have decreased due to not seeing STEM
integration modeled adequately in the field. Some of the pre-service teachers’ attitudes followed
this trend, but overall, their attitudes increased as the study continued. Perhaps their attitudes
may have seen a more significant increase if their cooperating teachers were modeling
meaningful STEM-based integration within their field experience classrooms, but the preparation
for STEM in the methods course, which did include some modeling experiences, was enough to
sustain the attitudes of the pre-service teachers.
The pre-service teachers did not necessarily view themselves as more capable of
integrating STEM into their instruction in comparison to their cooperating teachers; however,
they viewed themselves as having a better overall attitude toward embracing STEM. Dawn, for
example, described herself in Phase III as having “a step up” on her cooperating teacher in terms
of being prepared for STEM integration, and Chad expressed in Phase II that the teachers with
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whom he worked maintained the attitude that they were not yet ready for STEM or the NGSS,
and that they would “cross that bridge when [they] get there.” The pre-service teachers
attributed their positive attitudes about being ready to integrate STEM to the experience of
deigning and implementing an Integrated STEM Unit during their methods course. They
described feeling as though their cooperating teachers would benefit from STEM preparation as
they had experienced in their methods course.
The preparation the pre-service teachers received in their methods course contributed to a
positive shift in their overall attitudes, which is consistent with the findings of Kotar et al.
(2002), who concluded that pre-service teachers must be exposed to explicit instruction on
curriculum integration before they will be able to meaningfully engage in any integrated
planning. Through the STEM-based preparation the pre-service teachers received in the science
and social studies methods course, the pre-service teachers were able to approach STEM
integration in the field with a positive attitude.

Circumstances That Might Make STEM Difficult to Manage
Although the pre-service teachers’ attitudes toward STEM improved throughout the
study, they expressed concerns over the circumstances that they felt might make STEM
integration difficult to manage in practice: time, collaboration, demands of existing curricula
and standardized testing, and adequate resources. Above all else, the single most recurring
theme when discussing STEM integration difficulties was time. This is consistent with the
research literature, as a variety of studies have cited time as being a factor which influences the
difficulty of integrating the curricula for pre-service and in-service teachers alike (Adams et al.,
2014; Sanders, 2009; Williams, 2011). Their schedules, which are full of rigorous existing
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curricula linked to standardized testing, are exceptionally full, so taking on another curriculum is
not only time consuming to master, but it is also time consuming to plan and implement.
The pre-service teachers in this study were also adamant that collaboration was an
extremely important component of being able to integrate STEM into their instruction.
Collaborating in the first phase of the Integrated STEM Unit helped the pre-service teachers to
feel supported by each other, and they were able to play off of one another’s strengths to design
the most effective, engaging learning experience possible for their students. Researchers such as
Drake (2012), Kotar et al. (2002), and Vasquez et al. (2013) all suggested that allowing preservice teachers the opportunity to utilize co-teaching affords them opportunities to learn from
one another, support one another, and engage in reflective discussions about their teaching
practices, all of which will improve their attitudes toward integration as they begin to realize that
they can do it and that it is valuable for their students. After completing the Integrated STEM
Unit in Phase II, the pre-service teachers in this study described the authentic experience of coteaching STEM as being the single most influential contributor to boosting their attitudes toward
STEM. Through the unit, they were able to see first-hand how valuable STEM integration could
be in practice, not only through their own eyes as they were teaching, but also by observing their
peers as they were teaching.
As the existing curricula begin to shift with the implementation of the NGSS (Achieve
Inc., 2013), pre-service teachers will benefit from being placed for field experiences in schools
with adequate resources to implement STEM-based curricula according to research-based
methodologies. During the study, the pre-service teachers noted that they did not feel they had
adequate resources available for STEM integration. A myriad of researchers have found this to
be the case in several other studies, especially with regard to technology and engineering
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coverage (Adams et al., 2014; Alexander, 2011; Brophy et al., 2008; Bybee, 2013; Niess, 2005;
Rockland et al., 2010; Schmidt & Fulton, 2015). As such, the pre-service teachers expressed
during their one-on-one interviews that they were concerned about how well they would be able
to integrate STEM in the future. While technology resources may or may not be readily
available to the pre-service teachers in their future classrooms, all five acknowledged that in
order to engage in hands-on learning for STEM, teachers are required to pay for their own
materials out of pocket. This was a topic of great concern to all but Dawn, who in Phase III said
she didn’t need ample resources to make STEM work, eluding to the fact that she was prepared
for providing for her students on her own accord as part of the profession. The other four preservice teachers were more concerned than Dawn, and their concerns may mirror those of
practicing teachers in the field, which would point to a possible cause for a lack of hands-on
learning to be present in the field.
As Kotar et al. (2002) suggested, pre-service teachers can and should be prepared for
integrating the curricula through explicit instruction and development. The pre-service teachers
in this study received explicit STEM integration preparation during their science and social
studies methods course, and they indicated that this preparation boosted their attitudes toward
STEM-based integration. They recognized, however, that while they believed they were now
better-prepared for STEM integration than their cooperating teachers, who had not yet received
any preparation for STEM, they were still in the beginning stages of mastering STEM and
integration. As a result, they pre-service teachers felt they needed additional professional
development related to STEM in the future, and they believed their cooperating teachers needed
professional development, as well.
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Confidence in Integrating STEM

Research Question #4: Does participating in preparation for STEM-based integration affect
elementary pre-service teachers’ confidence in integrating STEM into their instruction?
H3: STEM-based preparation will positively increase pre-service teachers’ confidence
in integrating STEM into their instruction.

Confidence from Preparation
The data indicate that the pre-service teachers’ confidence improved significantly
between Phases I and II and Phases I and III as measured by the STEBI-B surveys, but it did not
change significantly between Phases II and III. In fact, overall confidence levels decreased very
slightly (not significantly) between Phases II and III. Noted in the research literature is the
assertion that pre-service teachers need ample content-based courses and related experiences to
deepen their understanding across the content areas being integrated (Drake, 2012; Kaiser &
Kaiser, 2012; National Research Council, 2012). At the onset of the study, when confidence
levels were lowest of the three phases, the pre-service teachers articulated that they did not feel
their general education courses adequately showcased STEM or prepared them to understand or
integrate STEM. Only one pre-service teacher in the study had any engineering preparation in
K-12 or college. This is worrisome as STEM curricula are implemented, given the fact that
teachers tend to be least confident in the content areas in which they have the least amount of
preparation (Adams et al., 2014). As prior research has pointed out, when preparation is lacking,
expertise in teaching those content areas may also be lacking (Epstein & Miller, 2011; Williams,
2011). This assertion is mirrored by the assertions of the pre-service teachers, who articulated in
Phase II that their confidence in integrating the areas of STEM focused on the areas in which
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they felt they were most proficient. Jennifer, for example, felt the most comfortable with math
and science connectivity and less comfortable with technology and engineering. This makes
sense considering Jennifer’s background learning in science and especially math were much
greater than that of technology and engineering.
The National Research Council (2012) has concluded that both content courses and
methods courses should strive to expose pre-service teachers to a wide variety of constructivistbased content and processes necessary to gain expertise within the areas of STEM. The five preservice teachers who were interviewed described having little technology and engineering
backgrounds, and their experiences leading up to the methods course had been highly
compartmentalized. In fact, the only pre-service teacher within this study who had any formal
engineering background was Jennifer, who took a computer engineering course in high school in
her initial preparation to become an architect after high school. Thus, the pre-service teachers
approached STEM with a great deal of trepidation, especially with regard to the content areas in
which they had the least experience, namely technology and engineering. The focus of the
STEM-based preparation within the methods class was on teaching methodologies; however, the
pre-service teachers also had to grapple with STEM-based content during the planning process
for their units. As a result of learning more about the content in planning for implementation, the
pre-service teachers’ confidence in their ability to teach STEM improved.

Confidence from Experiences
Several research studies on pre-service teachers’ confidence in STEM have concluded
that pre-service teachers generally do not possess a great deal of confidence in their competency
for STEM integration (Berlin & White, 2012; Brown et al., 2011; Yang, Andersen, & Burke,
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2014). The results of this study mirrored this assertion in Phase I, as several of the pre-service
teachers, including Chad, Jennifer, Sarah, and Dawn, expressed trepidation in at least one of the
areas of STEM. Chad even went so far as to define himself as “not a math person, not a science
person, not a technology person, and not an engineering person” with a chuckle in Phase I. He
recognized in that moment that he “had a lot of work to do” to become proficient in STEM. The
results for Phase II are promising in the sense that the pre-service teachers experienced a
significant increase in STEM-related confidence due to their experiences with putting STEM into
practice as part of the Integrated STEM Unit project. The increase in STEM confidence parallels
research findings which suggest that giving pre-service teachers the opportunity to build their
knowledge base and then apply what they have learned by working with real students rather than
planning lessons or units for fictitious groups is a motivating, constructivist-based factor that
boosts their overall feelings of confidence in integrating STEM (Adams et al., 2014; National
Academy of Engineering & National Research Council, 2014; Yang et al., 2014). As such,
engaging in authentic teaching experiences and witnessing student engagement and achievement
first-hand within this study positively influenced the elementary pre-service teachers’ confidence
in STEM integration.
In Phase III, the amount of STEM-related experiences were minimal among the preservice teachers, which may have contributed to the slight decrease in overall confidence from
Phase II; however, the change between Phases II and III was not significant. What was
significant was the change that remained between Phases I and III. While the pre-service
teachers noted in Phase III that they still felt more confident in Phase III than they did at the
beginning of the study, not seeing STEM in practice in most of their field placements likely
contributed to the change between Phases II and III. As the pre-service teachers who had not
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seen STEM described, their cooperating teachers were either too busy with their current curricula
to learn about STEM or they were not comfortable implementing STEM content. Chad
compared his confidence in integrating STEM to learning how to ride a bike during his Phase III
interview. He described how one never really forgets how to ride a bike; however, if it has been
awhile since the person has ridden, they might be a bit wobbly at first. By Phase III, Chad
described that given the fact that he had not engaged in STEM-based instruction in some time, he
now felt a bit uneasy about jumping into it again, despite feeling more confident than he had in
the beginning. In addition to sporadic or non-existent exposure to STEM during AFE
contributing to the pre-service teachers’ confidence, it is also possible that other priorities in the
school curricula, namely state testing, which took place during this study, may have also
thwarted STEM implementation opportunities and efforts.
Pre-service teachers are especially vulnerable to being turned away from science- or
STEM-based curricular initiatives if their cooperating teachers lack confidence or support
(Hudson & Skamp, 2002; National Academy of Engineering & National Research Council,
2014). Confidence levels of the pre-service teachers in this study decreased, although not
significantly, between Phases II and III. This may be due to the pre-service teachers not seeing
STEM in practice and not working with cooperating teachers who were not ready to support a
pre-service teacher in planning and implementing STEM-based curricula. Furthermore, the preservice teachers may have become confused if they discussed STEM with their cooperating
teachers in the field. A 2011 study conducted by Brown et al. concluded that STEM is not well
understood, even by practitioners in the field. As a result, the lack of fluidity in the messages
received pertaining to STEM can negatively impact pre-service teachers’ confidence. If
cooperating teachers’ understanding of STEM differed from what the pre-service teachers
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learned during their STEM-based preparation in the methods course, confusion may have led to a
decrease in confidence.

Implications for Practice

The findings of this study provide insight for teacher education programs and elementary
educators at the pre- and in-service levels, including those in leadership or administrative
positions. The following two sections provide implications, including both contributions and
recommendations, based on the findings of this study. The first list includes recommendations
and contributions for teacher education programs. The second list includes recommendations
and contributions for elementary educators, including pre-service teachers, in-service teachers,
and those in leadership or administrative positions.

Teacher Education Programs

Based on the findings of this study, it is recommended that teacher education programs
implement a series of recommendations that will allow pre-service teachers to develop
professionally with regard to STEM integration. The recommendations include providing
authentic teaching experiences, linking programmatically to 21st-century learning, providing
integrated learning experiences within the teacher education and general education courses,
integrate STEM pedagogy within relevant education courses, provide pedagogy within the
methods courses that articulates the importance of hands-on learning and inquiry in content areas
in and beyond STEM, and provide opportunities for pre-service teachers to engage in
collaboration. Details about these recommendations are provided in the sections that follow.
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Authentic Teaching Experiences
This study provides a framework and assessment tool in the form of a rubric (see
Appendix K) for elementary pre-service teachers to create an Integrative STEM Unit to be
implemented with elementary students. It is recommended that elementary teacher education
programs focus on providing authentic teaching experiences for pre-service teachers during
which STEM can be integrated into the elementary curricula with real students. This can be
accomplished through the development of partnerships with local elementary schools, namely
those that are either implementing STEM-based curricula or those that are open to learning more
through the pre-service teachers’ implementation of such lessons or units.
The pre-service teachers in this study cited the Integrative STEM Unit as their most
meaningful experience with regard to learning about STEM and gaining a positive attitude and
confidence level in their ability to integrate STEM into their instruction. As Dawn described in
Phase II, the experience of being able to apply what was learned in the methods course was the
most meaningful experience for her with regard to STEM integration preparation. Dawn stated,
“getting to actually teach STEM paved the way for us beyond IFE.” The other pre-service
teachers echoed this sentiment within their Phase II and III interviews, citing the authentic
teaching of the STEM Unit as being the single most influential factor that influenced their
perceptions, confidence, attitudes, and abilities with regard to elementary STEM integration.
Link to 21st-Century Learning

It is recommended that elementary teacher education programs provide experiences in
which pre-service teacher candidates must apply 21st-century learning skills to answer questions
and solve problems. For example, a general education science course should allow ample
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opportunity for authentic inquiry and problem-solving from a real-world perspective (i.e. for
students who are concerned about the dying honeybee population, a possible inquiry may include
examining which type of flowers are most conducive to bee pollination and honey production to
determine landscaping options for the university). This will allow the pre-service teachers to
draw from their own schema and connect their prior experiences to the elementary curricula to
teach skills and apply concepts they have had the opportunity to master from a constructivistbased viewpoint, such as by teaching lessons or integrated units such as the STEM Unit outlined
within this study.

Integrated Learning Experiences

It is recommended that elementary teacher preparation programs encourage pre-service
teachers to take courses that integrate curricula, specifically technology and engineering, as those
are the areas in which the pre-service teachers in this study felt least prepared, as noted within
the qualitative interview findings as well as during analysis of the general education courses that
the pre-service teachers had taken leading up to the methods course.
It is also recommended that general education courses, specifically those in math and
science, which have traditionally been compartmentalized, should integrate other areas of STEM
wherever applicable. This recommendation is supported by the assertions of the pre-service
teachers in this study, who articulated that they were confused as to why their K-12 and college
experience were compartmentalized despite the fact that they will be required to teach in an
integrated way in the field. University general education instructors should explicitly draw
students’ attention to the connectivity between the content areas, allowing the students a frame of
reference and experience from which to draw when planning and implementing STEM-based
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curricula as teachers in the field. Through professional development opportunities in which
content area faculty can learn about the various aspects of curriculum integration and how their
content area overlaps meaningfully with others, collegiate level courses should mirror the
expectations of the K-12 field in terms of providing students with opportunities to engage in
hands-on, inquiry-based learning.

Resources

It is recommended that elementary teacher preparation programs make every effort to
mirror the resources (i.e. technology, materials, manipulatives) within the elementary schools in
which pre-service teachers will be placed. This will allow faculty to model the use of the
resources in practice. Additionally, it will allow the pre-service teachers to become familiar and
comfortable with the resources prior to entering the field, where their cooperating teacher may
not be comfortable with the resources. The resources may not be available in certain schools, as
indicated by some of the pre-service teachers from this study, who described lacking resources to
teach STEM to K-5 students, specifically. As a result, the pre-service teachers noted that
practicing teachers were often paying for hands-on learning experiences out of pocket in their
own classrooms (Chad, Sarah, Karina, Jennifer). Gaining exposure to quality STEM resources,
especially technology, allows the pre-service teachers to use and apply them within the teacher
education courses, whether as part of course projects that are implemented with peers or as
borrowed, non-consumable, materials that could be taken into the field for practice. Access to
STEM education materials may increase the probability that the pre-service teachers will be
more aptly prepared to utilize the resources beyond their field experiences.
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STEM Integration Pedagogy

It is recommended that elementary teacher education programs better include STEM
integration pedagogy for elementary pre-service teachers in order to better prepare them to
successfully integrate STEM into an already full daily schedule. Certainly math and science
methods courses should explicitly discuss strategies for planning and implementing STEM-based
lessons, but educational foundations courses such as educational technology should model the
integration of technology with the areas of science, engineering, and math as much as possible.
This study provides a model for providing STEM-based preparation to elementary pre-service
teachers, as detailed in the course syllabus for the science and social studies methods course
syllabus (see Appendix L).
Elementary pre-service teachers should also be engaged in opportunities to apply STEMbased pedagogy through the design and implementation of authentic STEM experiences for
elementary students, such as the Integrated STEM Unit, which was completed by the pre-service
teachers are part of the methods course (see the analytical assessment rubric for the unit in
Appendix K). The unit was cited by the pre-service teachers in this study as the single most
meaningful, educative experience in preparing them for integrating STEM into their instruction
as future teachers. For example, Karina noted in Phase II that the authentic teaching of the
Integrated STEM Unit taught her far more than just how to integrate STEM content into a lesson.
She described the experience of teaching the unit as one that “adds more aspects of teaching that
go into STEM that [you wouldn’t have otherwise thought about], like classroom management
during inquiry-based learning.” Jennifer’s perspective in Phase II supported Karina’s assertions.
Sarah stated, that it was not just learning what to do, but rather, it was the focus on how to teach
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STEM effectively. Jennifer stated, “it’s one thing to write it in a lesson plan, but it’s a totally
different ball game to actually teach it live.” Without the authenticity that real teaching provides,
pre-service teachers may not truly gain a sense as to the many intricacies associated with
meaningful STEM teaching and learning.

Provide Pedagogy for Hands-on Inquiry in STEM and Other Content Areas

It is recommended that teacher education programs, specifically the methods courses,
provide pedagogy for pre-service teachers that highlights the importance of hands-on learning
and inquiry in STEM and other content areas. Within the qualitative interviews, all of the preservice teachers noted the importance of hands-on learning and inquiry in designing their STEM
Units, and they all noted how exciting and engaging the subsequent learning experiences were
for the elementary students. Hands-on learning and inquiry-based learning, while they are
important aspects of STEM learning, are not exclusive to the STEM content areas. Methods
instructors should expose pre-service teachers to the opportunities that exist in other curricula,
such as social studies, or English language arts, to engage in inquiry or hands-on learning. For
example, in a social studies class, students may construct and maintain a model of a traditional
longhouse village, navigating a local park using a topographical map, or sculpting landforms on
a make believe island.

Pre-service Teacher Collaboration

It is recommended that teacher preparation programs decrease pre-service teacher
isolation from one another during field experiences by encouraging co-teaching, co-reflection,
and increasing faculty involvement and support with pre-service teachers, supervisors, and
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cooperating teachers in the field to provide more fluidity between the methods courses and the
field experiences. This recommendation was echoed by the pre-service teachers who were
interviewed throughout the study, as they all noted that collaboration, and especially co-teaching,
with their peers allowed their confidence to develop more so than if they were to complete the
project alone. As Chad described in Phase II, planning and teaching the STEM Unit was “the
biggest learning experience” in the sense that he and his teammates had to engage multiple times
over the course of the planning stages for the unit to decide how they would teach and whether or
not they were utilizing the best methods. Chad described the experience as “the most realistic
experience we could have had that mirrored what it is really like to do STEM in the field,”
especially with regard to where he and his peers were developmentally.
Essentially, the power of socialization, as noted within the qualitative data, helps the preservice teachers to feel more supported and more confident in their STEM-based planning and
instruction. This can be accomplished through establishing a monthly, social meeting schedule
at varying locations (i.e. at the university or at one of the partnering field placement schools) for
the pre-service teachers with university faculty, supervisors, and cooperating teachers as they are
able to attend. A formal gathering will provide a designated time amidst a very full schedule for
the pre-service teachers to convene and receive support, both from their peers and from faculty.

Elementary Educators (Pre-service, In-service, and Leaders)

Based on the findings of this study, it is recommended that elementary educators,
specifically the pre-service teachers themselves as well as in-service teachers and leaders
(administrators, curriculum coordinators, etc.), engage in a series of recommendations that will
further the professional development of all parties with regard to STEM integration. The
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recommendations include developing a clear definition and purpose of STEM in the K-12
curricula, developing a model (or series of models) appropriate for integration at the beginning,
intermediate, and advanced levels, providing professional development for integration of STEM
and the Next Generation Science Standards (Achieve, Inc., 2013) into the K-12 curricula, and
providing and engaging in opportunities for educator collaboration, specifically with regard to
the integration of 21st-century learning . Details about these recommendations are provided in
the sections that follow.

Definition and Purpose of STEM

This research study provides a clear definition and purpose of STEM for elementary
students aligned with ample research literature. Pre-service, in-service, and administrative
leaders can use this information to clearly articulate the meaning, goal, and purpose of STEM
within their school’s curricula. Doing so will allow for better collaboration and less confusion
among the in-service teachers within the schools and better mentoring of pre-service teachers.
The articulation could be completed within a teacher in-service in preparation for the
implementation of NGSS, during which the meaning, goal, and purpose of STEM could be
presented by administrators and further developed with input from the teachers as the NGSS are
implemented.

Model for Integration

This research study provides a constructivist-based model for integration that is
appropriate at the beginner and intermediate levels of teaching, as evidenced by the successful
completion of the Integrated STEM Units by the pre-service teachers in this study, all of whom
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used the Embedded Approach (Bybee, 2013) through a science-based lens. As such, this study’s
Embedded Integration approach to elementary STEM education could be modeled in practice by
schools as they begin to grapple with STEM as it pertains to the implementation of the NGSS. A
professional development session introducing the Embedded Approach would be necessary and
should be led by an education professional with extensive background in STEM integration. As
teachers become more proficient with integration, moving toward advanced levels of integration,
such as the interdisciplinary or transdisciplinary approaches, may be possible with the help of
professional development, which is outlined in the next section.

Professional Development

It is recommended that elementary administrative leaders provide opportunities for
professional development pertaining to new curricular initiatives such as the NGSS and STEM.
Specifically, in advance of the NGSS implementation, an education professional with extensive
background in elementary STEM integration should prepare a series of workshops during which
the in-service teachers could familiarize themselves with the framework and content of NGSS, a
constructivist-based model for integration that supports NGSS, and the structure and function of
STEM. The need for professional development in STEM was first apparent in this study as the
pre-service teachers who were interviewed noted that they, themselves, felt they needed
additional development in STEM in order to truly feel proficient. Knowing they had more to
learn likely attributed to the pre-service teachers’ lack of significant change in overall attitudes
toward STEM throughout the study.
Dawn, Sarah, and Jennifer noted in Phases II and III that their cooperating teachers did
not seem to know much about STEM or the NGSS, and as a result, they felt their cooperating
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teachers would need professional development in STEM as well. As Dawn described in Phase
II, if cooperating teachers are asked to implement NGSS in the same manner as they were for
Common Core, they may be less receptive to engaging fully in the NGSS implementation. Sarah
explained in Phase III that her cooperating teacher had recently taken it upon herself to learn
more about the NGSS and STEM, and that the other teachers with whom she interacted during
student teaching were “definitely curious about [STEM]. Those who know about it seem to want
to learn more about it. They want training.” Karina summarized the need for professional
development well when she stated, “For us to want to take the field in a certain direction, the
teachers need to be developed. As a new teacher, I can’t do this alone.” Given the natural
curiosity of the teachers and the budding excitement of the pre-service teachers from this study
who have already been exposed to STEM, quality professional development may help to
improve teacher buy-in with regard to implementing new curricula as well as improve instruction
overall.

Collaboration

It is recommended that elementary pre-service and in-service teachers receive
opportunities to collaborate with one another through ample planning time, especially when
implementing new curriculum such as that outlined in the NGSS. This finding was evidenced in
the qualitative interviews, during which the participants noted that collaborating with their peers
was highly beneficial in improving their feelings of confidence in designing and teaching the
STEM units. It was noted in all five of the Phase III interviews that the pre-service teachers
hoped to find themselves in employment settings where they would be able to work with highly
collaborative peers, especially with regard to implementing new curricula such as the NGSS.
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Ample time to collaborate may help to alleviate issues on long-standing teaching teams within
which teachers are less likely to trail away from the norm of the group. Sarah found herself
student teaching in Phases II and III with a teaching team who often stated, “This is what way we
have always done it,” shutting down new ideas that Sarah may have brought to the table. Sarah
stated that the team one works on “can really make the difference between whether or not you
will implement stuff like STEM.” Chad expressed a similar sentiment in Phase III when he
concluded that one of his main worries about the future is “falling into the trap of just doing it
their way” and getting caught up in a mind set in in which he will forego meaningful practice for
the sake of “collaboration.” Perhaps if teachers were provided with ample collaboration time,
specifically after engaging in professional development opportunities, shifts toward embracing
new curricula may become less difficult.
To boost collaboration among pre-service and in-service teachers, perhaps an in-service
teacher who is working with a pre-service teacher could be provided with an in-house substitute
for one non-instructional duty one to two times per week (i.e. recess duty, cafeteria duty) to
focus on adapting the existing curricula to align with the NGSS standards. Additionally, a
school could employ a Professional Learning Community environment in which in-service
teachers could engage in discussions about the NGSS and STEM, sharing and critiquing lessons,
and observing each other’s teaching to provide support through a third party.
21st-Century Learning

It is recommended that pre-service and in-service elementary teachers be encouraged to
integrate constructivist-based methodologies, 21st-century learning, methods of inquiry to guide
student learning, and hands-on learning. These methodologies were utilized by the pre-service
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teachers as part of their Integrative STEM Units, and they saw gains in student attitudes and
ample student growth as a result. As part of the professional development discussed previously,
the administrators and STEM leaders could set goals for integrating 21st-century learning skills
and concepts into the curricula, reviewing teachers’ lesson plans and instruction and providing
feedback to further guide them in their mastery of 21st-century Learning.

Recommendations for Future Research

While the findings of this study add to and expand existing research, the topic studied
warrants additional inquiry. Research on elementary pre-service teacher preparation for STEM
integration is scarce. Because of this, more research associated with the implementation of
STEM integration is needed.

First, the researcher is continuing the current study to build a

more robust data set from which to draw more generalizable assertions, specifically from a
quantitative perspective. In doing so, the researcher will be able to use the larger data set,
possibly with greater variability, from the continuation study to examine relationships between
the four variables: perceptions, abilities, confidence, and attitudes. The longitudinal component
of this study could also be continued to examine the four variables of the study in the pre-service
teachers’ first years as practicing teachers, as nearly all of the participants from this study have
gone on to find full-time employment as elementary or middle school teachers. Those who have
not found full time employment have all obtained employment as part-time paraprofessionals or
substitute teachers while they continue to search for full time employment.
When reflecting upon the findings of the study, the researcher notes that a study at a
comparable-sized university would be meaningful in providing a broader context for the study
across other institutions. While larger institutions would likely not be able to engage in the
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flexible scheduling necessary to replicate the study as it was conducted by the researcher,
similar-sized institutions could use the syllabus and analytical rubric provided (see Appendices K
and L) to do so. Larger institutions could adapt the syllabus and rubric provided to design a
similar study that would build upon the smaller context provided within this study.
The researcher also notes that future studies could examine the preparation of transfer
students who completed their STEM-related general education requirements outside of the
university with native students who completed their STEM-related general education
requirements at the university. Doing so would help to determine which preparation experiences
are more effective in boosting competency, attitudes, perceptions, and confidence prior to the
methods semester.
Future studies could examine the cooperating teachers’ perceptions, attitudes, abilities
and confidence in STEM integration, specifically when NGSS implementation begins and the
cooperating teachers are given the initiative of integrating STEM into their instruction. Because
NGSS and STEM implementation has not yet been widely applied in the field, studies on inservice teacher preparation for STEM are scant. As such, investigating the in-service teacher
viewpoint of STEM would be an important addition to limited body of existing research. The
same limitations in the research literature exist with regard to elementary student perceptions and
attitudes toward STEM, specifically students who are taught an explicit STEM integration unit
aligned to the NGSS. Hence, future studies could also examine the perceptions and attitudes of
STEM integration through the perspective of elementary students.
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Research Strengths and Limitations

This section addresses the strengths and limitations associated with the current study and
the ways in which the researcher moderated the influence of the limitations. There were several
strengths associated with the study. To begin with, rather than focus on quantitative-only or
qualitative-only methodology, the mixed-methods design through which elementary pre-service
teacher preparation for STEM integration was investigated provided a more complete picture as
to the abilities, perceptions, confidence and attitudes of the pre-service teachers. By collecting
both quantitative and qualitative data, deeper and more robust data were collected for analysis
and interpretation. Second, the longitudinal design of the study allowed for a broader range of
data to be collected (i.e. one full academic year), monitoring the variables of the study long after
the intervention has taken place.
As this study was carried out, limitations became apparent with regard to the validity and
reliability of the results. It was determined that a few factors related to the study potentially
limited the transferability of the findings. The first limitation was sample size. An appropriate
sample size for survey analysis includes a minimum of 20 participants (Mertens, 2010). At the
time that this study was developed, the potential enrollment for the methods course met or
exceeded 20 pre-service teachers. In the weeks leading up to implementation, enrollment in the
methods course dwindled due to pre-service teachers’ circumstances, including not passing statemandated tests that served as gatekeepers to the methods semester, leaving a field placement, and
consequentially, the methods semester, or other personal circumstances. Another limitation,
which is connected to sample size, is the lack of diversity in the participants. All participants
were Caucasian, and 83% were female. Finally, the teacher-as-researcher model employed
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within this study could limit the study despite allowing the researchers to delve deeply into the
thought process of the participants (Bogden & Biklen, 2007). Finally, a limitation of the study
tied back to the lack of variability of the results. For example, participant scores on the
analytical rubric for the Integrated STEM Unit was lacking, as was the variability of individual
scores for some of the study’s variables (see individual variable scores in Appendix N), causing
the researcher to exercise caution in drawing conclusions on the reported findings. With further
research, the study’s sample size can be increased, at which time the variability of the results
may improve.

Summary and Conclusion

Elementary pre-service teachers are capable and willing to embrace change, particularly
with meaningful preparation experiences within their teacher preparation programs in which they
are able to authentically put research into practice. The experiences in which the pre-service
teachers are engaged will likely influence their perceptions, attitudes, confidence, and abilities
with the particular content or initiative being implemented. As a result, the pre-service teachers
will enter the field more prepared than if the authentic teaching experiences were housed solely
in their field experience placements.
In completing this research study, the researcher learned that existing pre-service teachers
have not been prepared to integrate STEM into their instruction prior to their methods courses.
Because they are eager to learn, the pre-service teachers can be adequately prepared to begin
integrating STEM. Ongoing professional development is needed for the pre-service teachers to
fully refine their skills and competency. The STEM-based preparation that was employed within
the study, namely the constructivist-based design and implementation of an Integrated STEM
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Unit, significantly influenced the perceptions, confidence, and abilities of the pre-service
teachers. Looking forward, it is imperative that pre-service teachers continue to experience
STEM in a way that is meaningful, robust, and sense making in order to leave their teacher
preparation programs with the skills, mindset, and competency necessary to leave a lasting
impact on the elementary students they will teach.
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August 18, 2014
Dear Potential Research Participant,
I would like to take this opportunity to invite you to consider being a part of my dissertation study at
Northern Illinois University titled, “Preparing Elementary Pre-Service Teachers to Integrate STEM: A
Mixed-Methods Study.” The purpose of this study is to examine the perceptions, abilities, attitudes, and
confidence of elementary pre-service teachers toward integrating STEM (science, technology,
engineering, and math) into their instruction using an interdisciplinary approach.
The intended benefits of this study include contributing to the body of knowledge on STEM education,
with specific contributions to a newer pool of knowledge on preparing elementary pre-service teachers
for STEM integration. As an elementary pre-service teacher, you will benefit from this study by being
exposed to STEM integration training and ultimately refining your own teaching practices to become a
more effective STEM educator.
This study consists of data collection throughout three distinct phases as outlined in the figure below:

Within each phase, a 15-minute paper-pencil survey will be conducted. In Phases I and II, the survey will
be conducted in your math methods course by XXXXXXXXX, who will not share any information with me
regarding your participation or responses. Additionally, a random sampling of participants will be
chosen by Dr. Nelson to participate in one-hour, one-on-one interviews within each of the three phases.
The Phase I interviews will be conducted by a part-time employee of the College of Education, who may
contact you, if randomly selected, to schedule a one-hour meeting at a date, time, and location on
campus of your choice. The Phase II interviews will be conducted by Professor Evans after final grades
have been posted for the science/social studies methods course at a date, time, and location on campus
of your choice. The Phase III interviews will be conducted halfway through your AFE semester by
Professor Evans at the date, time, and location on campus of your choice or at your cooperating school
for student teaching.
Finally, a document analysis on the final project for your Methods of Teaching Elementary Science and
Social Studies course called the Integrative STEM Unit (ISU) will take place within phase II of data
collection using an analytical rubric designed to assess your ability to integrate STEM curricula within
your lessons. This project is a requirement for all students of this course; however, if you choose not to
participate in this study, the data from your project will not be used in this study. Professor Evans will
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not know until after grades are posted if your project’s data will or will not be used in this study, and
your participation or non-participation will not affect your grade in the course. All data collected within
this study will be kept strictly confidential and under lock and key at all times. Pseudonyms will be used
during the writing process as well to protect your privacy.
Please know that you are by no means obligated to take part in this study. Your participation or nonparticipation in this study will not affect your grade in any way, as I will not know who does and does not
participate in this study until after the IFE semester as concluded and final grades have been posted. If
you have any questions or concerns, please do not hesitate to contact me. I appreciate your
consideration to be a part of this valuable study!
Sincerely,

Erin M. Evans
Doctoral Candidate, Northern Illinois University
Contact information here
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DOCTORAL DISSERTATION STUDY – PARTICIPANT CONSENT FORM
I agree to participate in the research project titled “Preparing Elementary Pre-Service Teachers to
Integrate STEM: A Mixed-Methods Study” being conducted by Erin M. Evans, a doctoral student at
Northern Illinois University. I have been informed that the purpose of the study is to examine the
perceptions, abilities, attitudes, and confidence of elementary pre-service teachers toward integrating
STEM into their instruction.
I understand that the intended benefits of this study include contributing to the body of knowledge on
STEM education, with specific contributions to a newer pool of knowledge on preparing elementary preservice teachers for STEM integration. I, as an elementary pre-service teacher, will benefit from this
study by being exposed to STEM integration training and ultimately refining my own teaching practices
to become a more effective STEM educator.
I understand that this study will take place according to the following timeline, which is described in
detail throughout the remainder of this form:

I understand that all information gathered during this study will be kept confidential by the researchers
keeping my name anonymous, using only an ID number created using a unique set of information
specific to me and known only by me to identify me within the quantitative data sets. All survey
materials pertaining to this study will be kept under lock and key and will only be accessed by the
researcher. Interview data will be kept confidential through the use of pseudonyms within the written
portion of the dissertation, and the digital recordings and transcriptions of the interviews will only be
seen or heard by the researcher and the individual responsible for validating the coding of the materials.
I understand that if I agree to participate in this study, I will be asked to do the following: participate in
three phases of data collection, each phase consisting of a 15-minute survey. The Phase I survey will be
collected in the first week of my math methods course by another instructor, and Professor Evans will
not have access to any information I provide until after grades are posted for the science and social
studies methods course. The Phase II survey will be collected in the last week of my math methods
course by another instructor, and Professor Evans will not have access to any of my Phase II survey
information until after grades have been posted for the science and social studies methods course. The
Phase III survey will be collected during a student-teacher meeting at USF halfway through my AFE
semester.
At the beginning of Phase I, I may also be asked to participate in three 60-minute interviews (one for
each phase of data collection) based on a random sampling of participants determined by my math
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methods instructor. The initial interview for Phase I will be conducted by a part-time employee of the
College of Education at a date, time, and location on campus determined by me as the participant. The
Phase II interviews will be conducted by Professor Evans after final grades have been posted for the
science and social studies methods class at a date, time, and location on campus determined by me as
the participant. The Phase III interviews will be conducted by Professor Evans halfway through my AFE
semester at a date, time, and location on campus or at my cooperating school as determined by me as
the participant.
My final project for my EDUC 385, Methods of Teaching Elementary Science and Social Studies course,
the Integrative STEM Unit, will also be analyzed in Phase II of data collection as a demonstration of my
ability to integrate STEM into the curriculum. The analysis of the Integrative STEM Unit will use the
same rubric as the one already in use for the course.
I am aware that my participation is voluntary and may be withdrawn at any time without penalty or
prejudice, and my participation does not in any way affect my grade in the course. I know that if I have
any additional questions concerning this study, I may contact Dr. Elizabeth Wilkins, the researcher’s
dissertation chair, at (815) 753-8458. I understand that if I wish to have further information regarding
my rights as a research subject, I may contact the Office of Research Compliance at Northern Illinois
University at (815) 753-8588.
I understand that my consent to participate in this research study does not constitute a waiver of any
legal rights or redress I might have as a result of my participation, and I acknowledge that I have
received a copy of this consent form.
_______________________________________
Printed Name of Subject

_______________________________________

___________________________

Signature of Subject

Date

I consent to participate in interviews in Phases I, II and III of this study, and I am aware the interviews will be
audiotaped for the purpose of the reseacher transcribing the data for analysis.
_______________________________________

___________________________

Signature of Subject

Date
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DOCTORAL DISSERTATION STUDY – PHASE I INFORMED CONSENT FOR INTERVIEW
I agree to participate in the Phase I Interview for the project titled “Preparing Elementary Pre-Service
Teachers to Integrate STEM: A Mixed-Methods Study” being conducted by Erin M. Evans, a doctoral
student at Northern Illinois University. I have been informed that the purpose of the study is to examine
the perceptions, abilities, attitudes, and confidence of elementary pre-service teachers toward
integrating STEM into their instruction.
I understand that the intended benefits of this study include contributing to the body of knowledge on
STEM education, with specific contributions to a newer pool of knowledge on preparing elementary preservice teachers for STEM integration. I, as an elementary pre-service teacher, will benefit from this
study by being exposed to STEM integration training and ultimately refining my own teaching practices
to become a more effective STEM educator.
I understand that this study will take place according to the following timeline, which is described in
detail throughout the remainder of this form:

The interviewer will not share any of my information with Professor Evans until after the final grades
have been posted for the course. Until then, the audio file and transcription of this interview will be
kept in a locked filing cabinet in the College of Education and Professor Evans will not have access to this
filing cabinet until after grades are posted for the course. Interview data will be kept confidential
through the use of pseudonyms within the written portion of the dissertation, and the digital recordings
and transcriptions of the interviews will only be seen or heard by the interviewer and researcher as well
as an individual responsible for validating the coding of the materials.
As a result of my participation, I will be asked to participate in interviews for phases II and III of this
study, but I understand that my participation is voluntary and that I can opt out of this study at any time.
I also understand that I have the right to not answer any of the questions presented by the interviewer
and I can stop the interview at any time.
I understand that my participation in this interview is voluntary and may be withdrawn at any time
without penalty or prejudice, and my participation does not in any way affect my grade in the course. I
know that if I have any additional questions concerning this study, I may contact Dr. Elizabeth Wilkins,
the researcher’s dissertation chair, at (815) 753-8458. I understand that if I wish to have further
information regarding my rights as a research subject, I may contact the Office of Research Compliance
at Northern Illinois University at (815) 753-8588.
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I understand that my consent to participate in this interview does not constitute a waiver of any legal
rights or redress I might have as a result of my participation, and I acknowledge that I have received a
copy of this consent form.
_______________________________________
Printed Name of Subject

_______________________________________

___________________________

Signature of Subject

Date

I consent to the audiotaping of this interview for the purpose of the interviewer transcribing the data to be
analyzed by the researcher after grades have been posted for this course.
_______________________________________

___________________________

Signature of Subject

Date

198
DOCTORAL DISSERTATION STUDY – PHASE II INFORMED CONSENT FOR INTERVIEWS
I agree to participate in the Phase II Interview for the project titled “Preparing Elementary Pre-Service
Teachers to Integrate STEM: A Mixed-Methods Study” being conducted by Erin M. Evans, a doctoral
student at Northern Illinois University. I have been informed that the purpose of the study is to examine
the perceptions, abilities, attitudes, and confidence of elementary pre-service teachers toward
integrating STEM into their instruction.
I understand that the intended benefits of this study include contributing to the body of knowledge on
STEM education, with specific contributions to a newer pool of knowledge on preparing elementary preservice teachers for STEM integration. I, as an elementary pre-service teacher, will benefit from this
study by being exposed to STEM integration training and ultimately refining my own teaching practices
to become a more effective STEM educator.
I understand that this study will take place according to the following timeline, which is described in
detail throughout the remainder of this form:

I understand that this interview will be audiotaped and both the audio file and transcription of this
interview will be kept in a locked filing cabinet in Professor Evans’s home office. Interview data will be
kept confidential through the use of pseudonyms within the written portion of the dissertation, and the
digital recordings and transcriptions of the interviews will only be seen or heard by the researcher and
an individual responsible for validating the coding of the materials.
As a result of my participation, I will be asked to participate in a phase III interview halfway through my
AFE semester, but I understand that my participation is voluntary and that I can opt out of this study at
any time. I also understand that I have the right to not answer any of the questions presented by the
interviewer and I can stop the interview at any time.
I know that if I have any additional questions concerning this study, I may contact Dr. Elizabeth Wilkins,
the researcher’s dissertation chair, at (815) 753-8458. I understand that if I wish to have further
information regarding my rights as a research subject, I may contact the Office of Research Compliance
at Northern Illinois University at (815) 753-8588.
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I understand that my consent to participate in this interview does not constitute a waiver of any legal
rights or redress I might have as a result of my participation, and I acknowledge that I have received a
copy of this consent form.
_______________________________________
Printed Name of Subject

_______________________________________

___________________________

Signature of Subject

Date

I consent to the audiotaping of this interview for the purpose of the interviewer transcribing the data to be
analyzed by the researcher after grades have been posted for this course.
_______________________________________

___________________________

Signature of Subject

Date
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DOCTORAL DISSERTATION STUDY – PHASE III INFORMED CONSENT FOR INTERVIEWS
I agree to participate in the Phase III Interview for the project titled “Preparing Elementary Pre-Service
Teachers to Integrate STEM: A Mixed-Methods Study” being conducted by Erin M. Evans, a doctoral
student at Northern Illinois University. I have been informed that the purpose of the study is to examine
the perceptions, abilities, attitudes, and confidence of elementary pre-service teachers toward
integrating STEM into their instruction.
I understand that the intended benefits of this study include contributing to the body of knowledge on
STEM education, with specific contributions to a newer pool of knowledge on preparing elementary preservice teachers for STEM integration. I, as an elementary pre-service teacher, will benefit from this
study by being exposed to STEM integration training and ultimately refining my own teaching practices
to become a more effective STEM educator.
I understand that this study will take place according to the following timeline, which is described in
detail throughout the remainder of this form:

I understand that this interview will be audiotaped and both the audio file and transcription of this
interview will be kept in a locked filing cabinet in Professor Evans’s home office. Interview data will be
kept confidential through the use of pseudonyms within the written portion of the dissertation, and the
digital recordings and transcriptions of the interviews will only be seen or heard by the researcher and
an individual responsible for validating the coding of the materials.
I understand that my participation is voluntary and that I can opt out of this study at any time without
penalty or prejudice. I also understand that I have the right to not answer any of the questions
presented by the interviewer and I can stop the interview at any time.
I know that if I have any additional questions concerning this study, I may contact Dr. Elizabeth Wilkins,
the researcher’s dissertation chair, at (815) 753-8458. I understand that if I wish to have further
information regarding my rights as a research subject, I may contact the Office of Research Compliance
at Northern Illinois University at (815) 753-8588.
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I understand that my consent to participate in this interview does not constitute a waiver of any legal
rights or redress I might have as a result of my participation, and I acknowledge that I have received a
copy of this consent form.
_______________________________________
Printed Name of Subject

_______________________________________

___________________________

Signature of Subject

Date

I consent to the audiotaping of this interview for the purpose of the interviewer transcribing the data to be
analyzed by the researcher after grades have been posted for this course.
_______________________________________

___________________________

Signature of Subject

Date
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Phase I Survey Script:
Thank you for agreeing to participate in Erin Evans’s dissertation study, titled, “Preparing Elementary
Pre-Service Teachers to Integrate STEM: A Mixed-Methods Study.” I am collecting survey data for her
today in an effort to assist Professor Evans in protecting your responses until after final grades have been
posted for her science and social studies methods course so as to reassure you that your responses will in
no way affect your grade in the course or your relationship with Professor Evans. Please know that you
may opt out of this study at any time without penalty or prejudice.
In the next 15 minutes, please fill out the surveys attached. The first is a survey examining the various
demographics of the study’s participants. The second and third surveys examine your perceptions of
STEM and your confidence in teaching and integrating STEM. When you are finished with your survey,
please place it in the manila envelope located on the back table as you exit the class. After everyone who
is participating has finished, I will seal the envelope and lock it in a filing cabinet in my office. Professor
Evans will not have access to this information until after final grades for her course have been submitted.
Does anyone have any questions? [Address questions if they arise]. Thank you!

Phase II Survey Script:
Thank you for agreeing to participate in my dissertation study, titled, “Preparing Elementary Pre-Service
Teachers to Integrate STEM: A Mixed-Methods Study.” Please know that you may opt out of this study
at any time without penalty or prejudice.
In the next 15 minutes, please fill out the surveys attached. The two surveys examine your perceptions of
STEM and your confidence in teaching and integrating STEM. When you are finished with your survey,
please place it in the manila envelope located on the back table as you exit the class. After everyone who
is participating has finished, I will seal the envelope and lock it in a filing cabinet in my office. Professor
Evans will not have access to this information until after final grades for her course have been submitted.
Does anyone have any questions? [Address questions if they arise]. Thank you!

Phase III Survey Script:
Thank you for agreeing to participate in my dissertation study, titled, “Preparing Elementary Pre-Service
Teachers to Integrate STEM: A Mixed-Methods Study.” Please know that you may opt out of this study
at any time without penalty or prejudice. Your responses on this survey will not affect your standing at
the university or your relationship with me.
In the next 15 minutes, please fill out the surveys attached. The two surveys examine your perceptions of
STEM and your confidence in teaching and integrating STEM. When you are finished with your survey,
please place it in the manila envelope located on the back table as you exit the class. After everyone who
is participating has finished, I will seal the envelope until it arrives with me to my home office, at which
time it will remain locked in a filing cabinet in my home office unless I am analyzing the data within.
Does anyone have any questions? [Address questions if they arise]. Thank you!
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Name: ____________________
What is your age?
a. 18-24
b. 25-34
c. 35-44
d. 45-54
e. 55-64
f. 65 or older
What is your gender?
a. Male
b. Female
What is your ethnicity?
a. Caucasian
b. Hispanic or Latino
c. African American
d. Native American
e. Asian/Pacific Islander
f. Other
What is your student status?
a. My college career has all been at THIS INSTITUTION (“Native” student)
b. Transfer student (“Transfer” student)
If transfer, from what institution(s)? ______________________________
Please list the coursework you have already taken in the areas of STEM (both at USF and other
colleges/universities). Please indicate where each course was taken.
Science courses
Technology courses
Engineering courses
Math courses
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Pre-Service STEM Teaching Efficacy Belief Instrument (modified from Enochs & Riggs, 1990)
Please indicate the degree to which you agree or disagree with each statement below by placing an “X”
on the appropriate letters to the right of each statement.
SA = STRONGLY AGREE, A = AGREE, UN = UNCERTAION, D = DISAGREE, SD = STRONGLY DISAGREE.
1. When a student does better than usual in the STEM
disciplines, it is often because the teacher exerted a little
extra effort.
2. I will continually find better ways to teach STEM.
3. Even if I try very hard, I will not teach STEM content as well
as I will most subjects.
4. When the STEM-based grades of students improve, it is
often due to their teacher having found a more effective
teaching approach.
5. I know the steps necessary to teach STEM concepts
effectively.
6. I will not be very effective in monitoring STEM-based
experiments.
7. If students are underachieving in STEM, it is most likely
due to ineffective STEM teaching.
8. I will generally teach STEM ineffectively.
9. The inadequacy of a student’s STEM background can be
overcome by good teaching.
10. The low STEM achievement of students cannot generally
be blamed on their teachers.
11. When a low-achieving child progresses in STEM, it is
usually due to extra attention given by the teacher.
12. I understand STEM concepts well enough to be effective in
teaching STEM at the elementary level.
13. Increased effort in STEM teaching produces little change in
students’ STEM achievement.
14. The teacher is generally responsible for the achievement
of students in STEM.
15. Students’ achievement in STEM is directly related to their
teacher’s effectiveness in STEM teaching.
16. If parents comment that their child is showing more
interest in STEM, is it probably due to their child’s teacher.
17. I will find it difficult to explain to students why STEMbased experiments work.
18. I will typically be able to answer students’ STEM-based
questions.
19. I wonder if I will have the necessary skills to teach STEM.
20. Given a choice, I will not invite the principal to evaluate
my STEM-based teaching.

SA

A

UN

D

SD

SA
SA

A
A

UN
UN

D
D

SD
SD

SA

A

UN

D

SD

SA

A

UN

D

SD

SA

A

UN

D

SD

SA

A

UN

D

SD

SA
SA

A
A

UN
UN

D
D

SD
SD

SA

A

UN

D

SD

SA

A

UN

D

SD

SA

A

UN

D

SD

SA

A

UN

D

SD

SA

A

UN

D

SD

SA

A

UN

D

SD

SA

A

UN

D

SD

SA

A

UN

D

SD

SA

A

UN

D

SD

SA
SA

A
A

UN
UN

D
D

SD
SD
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21. When a student has difficulty understanding a STEMbased concept, I will usually be at a loss as how to help the
student understand.
22. When teaching STEM, I will usually welcome student
questions.
23. I do not know what to do to turn students on to STEM.

SA

A

UN

D

SD

SA

A

UN

D

SD

SA

A

UN

D

SD
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(Based on the Teachers’ Pedagogical Philosophy Protocol)
PHASE I FRAMEWORK:
Recruitment Email:
Hello! My name is interviewer name, a part-time employee of the College of Education working
with secondary education students. Based on your participation in Erin Evans’s dissertation
study titled, “Preparing Elementary Pre-Service Teacher to Integrate STEM: A Mixed-Methods
Study” as well as a random sampling of participants, I would like to invite you to participate in
follow-up interviews for Phases I, II and III of this study. Each interview will last approximately
60 minutes and you will be asked questions about STEM, curriculum integration, and
instructional practices.
I will be conducting the first round of interviews for this study, as Professor Evans is taking
careful measures to ensure that there is no disclosure of information until after grades are posted
for the science and social studies methods course. As such, she does not know who is and is not
participating in this study, nor does she know who has been randomly selected to be invited for
interviews. Your participation in this interview and the subsequent two interviews is completely
voluntary and does not affect your grade in the course or your standing at the university.
If you are willing, please contact me and we can set up the interview at a date, time, and location
on campus that is convenient for you. You do not need to bring anything with you to the
interview. If you have questions, I can be reached at jlong@stfrancis.edu or (708) 420-1817.
Thank you for your time and consideration!
Interview script:
Thank you for agreeing to be interviewed today. My name is interviewer name, a part-time
employee of the College of Education working with secondary education students and I will be
facilitating your interview. We will be spending the next 60 minutes talking about your
experiences with STEM, curriculum integration, and instructional practices. I am especially
interested in hearing anything you are comfortable sharing about your personal thoughts,
experiences, or stories related to the questions I will be asking. There are no right or wrong
responses and all of your comments will remain confidential. Specifically, I want to assure you
that Professor Evans will not have access to any of your responses until the end of the semester
after grades have been posted for your science and social studies methods course within which
this study takes place. Your grade will in no way be affected by your responses. Several
interviews are being conducted and your name will not be attached in publication to identify you
to any statements that you make. It is important to understand that your responses will have no
bearing on your standing at the university; I am simply interested in what you think about
STEM, curriculum integration, and instruction. I would also like to audiotape our interview to
capture all of the details of your answers. I will take some notes so I do not miss nonverbal cues
that cannot be captured on an audio recording.
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During the interview, you have the right to refuse to answer any question without consequence or
prejudice or even to end the interview.
Are there any questions before we being? [Address question if any are raised]
1. How do you define STEM?
2. What types of experiences have you had throughout your educational career
pertaining to STEM?
3. As a future teacher, how might you use STEM within your instruction?
4. How do you define curriculum integration?
5. What types of experiences with curriculum integration have you had throughout
your educational career as a student?
6. As a future teacher, how might you use curriculum integration within your
instruction?
7. With regard to STEM, how do you decide what to teach and what not to teach?
8. Describe how an elementary learner would use or relate to STEM.
9. What questions do you have about STEM? What, if anything, would you like to
learn more about?
10. What questions do you have about curriculum integration? What, if anything,
would you like to learn more about?
11. Is there anything else you’d like to add that I have not asked?
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(Based on the Teachers’ Pedagogical Philosophy Protocol)

PHASE II FRAMEWORK:
Recruitment Email:
Hello! Thank you for being a part of my dissertation study titled, “Preparing Elementary Preservice Teacher to Integrate STEM: A Mixed-Methods Study,” including the surveys and
document analysis of your Integrative STEM Unit in your science and social studies methods
course! I would like to invite you to participate in a Phase II follow-up interview now that final
grades have been posted for your science and social studies methods course. The interview will
last approximately 60 minutes and you will be asked questions about STEM, curriculum
integration, and instructional practices.
I will be conducting the interview, and your participation in this interview is completely
voluntary and does not affect your standing at the university or your relationship with me. If you
agree to participate in this interview, you will also be asked to participate in a 60-minute Phase
III interview halfway through your AFE semester as well, but your participation in the Phase III
interview is also completely voluntary and you can opt out without penalty or prejudice.
If you are willing, please contact me and we can set up the interview at a date, time, and location
on campus that is convenient for you. For this interview, you will need to bring your final
Integrated STEM Unit and final assessment rubric with you. If you have questions, I can be
reached at eevans@stfrancis.edu or (630) 849-4879.
Thank you for your time and consideration!
Interview script:
Thank you for agreeing to be interviewed today. As you know, I am Professor Evans and you
just completed my science and social studies methods course. I will be facilitating your
interview. We will be spending the next 60 minutes talking about your experiences with STEM,
curriculum integration, and instructional practices. I am especially interested in hearing anything
you are comfortable sharing about your personal thoughts, experiences, or stories related to the
questions I will be asking. There are no right or wrong responses and all of your comments will
remain confidential. Specifically, I want to assure you your responses will in no way affect your
standing at this university or my relationship with you. Several interviews are being conducted
and your name will not be attached in publication to identify you to any statements that you
make. I am interested in what you think about STEM, curriculum integration, and instruction. I
would also like to audiotape our interview to capture all of the details of your answers. I will
take some notes so I do not miss nonverbal cues that cannot be captured on an audio recording.
During the interview, you have the right to refuse to answer any question without consequence or
prejudice or even to end the interview.
Are there any questions before we being? [Address question if any are raised]
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*Participants will have their Integrative STEM Units with them during the interview as a
reference or support for answers to the interview questions.
1.
2.
3.
4.
5.

How do you define STEM?
How do you define curriculum integration?
Tell me about your Integrated STEM Unit.
How did your students use or relate to STEM during the STEM teaching week?
Can you show me in your Integrative STEM Unit where and how you engaged your
students in STEM?
6. Can you show me in your Integrative STEM Unit where and how you integrated the
four areas of STEM?
7. With regard to STEM, how did your group decide what to teach and what not to
teach?
8. In reference to the Integrated STEM Unit you developed...if you had to divide that
up into a pie chart, how much of that chart would come from undergraduate
training, your field experience, or anything else that you can think of?
9. When looking ahead to AFE or your first years of teaching, how might you use
STEM within your instruction?
10. What questions do you have about STEM? What, if anything, would you like to
learn more about?
11. What questions do you have about curriculum integration? What, if anything,
would you like to learn more about?
12. Is there anything else you’d like to add that I have not asked?

APPENDIX J
PHASE III INTERVIEW RECRUITMENT EMAIL, SCRIPT, AND FRAMEWORK

221
(Based on the Teachers’ Pedagogical Philosophy Protocol)

PHASE III FRAMEWORK:
Recruitment Email:
Hello! Thank you for being a part of my dissertation study titled, “Preparing Elementary Preservice Teacher to Integrate STEM: A Mixed-Methods Study.” As the study enters its final
phase of data collection, I would like to invite you to participate in a Phase III interview now that
you have reached the halfway point in your AFE semester. The interview will last
approximately 60 minutes and you will be asked questions about STEM, curriculum integration,
and instructional practices.
I will be conducting the interview, and your participation in this interview is completely
voluntary and does not affect your standing at the university or your relationship with me. You
may opt out of the interview at any time without penalty or prejudice.
If you are willing, please contact me and we can set up the interview at a date, time, and location
on campus or at your cooperating school in a location that is convenient for you. For this
interview, please bring any documentation that you have (if any) from your student teaching
experience illustrating your integration of STEM into your teaching. If you have questions, I can
be reached at eevans@stfrancis.edu or (630) 849-4879.
Thank you for your time and consideration!

Interview script:
Thank you for agreeing to be interviewed today. As you know, I am Professor Evans and I will
be facilitating your interview. We will be spending the next 60 minutes talking about your
experiences with STEM, curriculum integration, and instructional practices. I am especially
interested in hearing anything you are comfortable sharing about your personal thoughts,
experiences, or stories related to the questions I will be asking. There are no right or wrong
responses and all of your comments will remain confidential. Specifically, I want to assure you
your responses will in no way affect your standing at this university or my relationship with you.
Several interviews are being conducted and your name will not be attached in publication to
identify you to any statements that you make. I am interested in what you think about STEM,
curriculum integration, and instruction. I would also like to audiotape our interview to capture
all of the details of your answers. I will take some notes so I do not miss nonverbal cues that
cannot be captured on an audio recording.
During the interview, you have the right to refuse to answer any question without consequence or
prejudice or even to end the interview.

Are there any questions before we being? [Address question if any are raised]
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*Participants will be asked to bring any lesson plans or materials that they have used that
reflect STEM integration. They will use these documents during the interview as a reference
or support for answers to the interview questions. It is possible that they may not be able to
produce any documentation depending on the circumstances of their student teaching
placements.
1. How do you define STEM?
2. How do you define curriculum integration?
3. Tell me about how STEM is (or could be) represented in your school’s curriculum
within your student teaching experience.
4. Tell me about how curriculum integration is represented in your student teaching
experience.
5. When looking ahead to your first years of teaching, how might you use STEM
within your instruction?
6. When looking ahead to your first years of teaching, how might you use curriculum
integration within your instruction?
7. What kinds of road blocks, if any, make it difficult for you to integrate STEM into
your instruction during AFE?
8. What questions do you have about STEM? What, if anything, would you like to
learn more about?
9. What questions do you have about curriculum integration? What, if anything,
would you like to learn more about?
10. Is there anything else you’d like to add that I have not asked?

APPENDIX K
INTEGRATED STEM UNIT ANALYTICAL RUBRIC
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Area/Points
STEM
Integration
& Applying
STEM-based
Knowledge
for
Instruction
Points:
_____

3 – Exemplary

2 - Acceptable

1 - Unacceptable

GROUP SUBMISSION:

GROUP SUBMISSION:

GROUP SUBMISSION:

The unit demonstrates that
the candidate can plan and
implement STEM instruction
based on knowledge of
students, STEM learning
pedagogy, STEM subject
matter, curricular goals, and
community. All lesson plans
are thorough,
developmentally appropriate,
and consistent with NGSS
standards. The materials and
resources are varied and
support the instructional
objectives.

The unit demonstrates that
the candidate can plan and
implement STEM instruction
based on knowledge of
students, STEM learning
pedagogy, STEM subject
matter, curricular goals, and
community. Most lesson
plans are thorough,
developmentally appropriate,
and consistent with NGSS
standards. The materials and
resources and support the
instructional objectives.

The unit does not
demonstrate that the
candidate can plan and
implement STEM instruction
based on knowledge of
students, STEM learning
pedagogy, STEM subject
matter, curricular goals, and
community. Lesson plans
are incomplete and/or are
not aligned to the NGSS
standards. The materials and
resources lack variety, do
not support the instructional
objectives and/or are not
developmentally appropriate.

INDIVIDUAL
SUBMISSION:

INDIVIDUAL
SUBMISSION:

INDIVIDUAL
SUBMISSION:

The unit demonstrates that
the candidate can design
STEM instruction based on
knowledge of students,
STEM learning pedagogy,
STEM subject matter,
curricular goals, and
community. All lesson plans
are thorough,
developmentally appropriate,
and consistent with NGSS
standards. The materials and
resources are varied and
support the instructional
objectives.

The unit demonstrates that
the candidate can design
STEM instruction based on
knowledge of students,
STEM learning pedagogy,
STEM subject matter,
curricular goals, and
community. Most lesson
plans are thorough,
developmentally appropriate,
and consistent with NGSS
standards. The materials and
resources and support the
instructional objectives.

The unit does not
demonstrate that the
candidate can design STEM
instruction based on
knowledge of students,
STEM learning pedagogy,
STEM subject matter,
curricular goals, and
community. Lesson plans
are incomplete and/or are
not aligned to the NGSS
standards. The materials and
resources lack variety, do
not support the instructional
objectives and/or are not
developmentally appropriate.
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Adaptation
to Diverse
Students
Points:
_____

Development
of Critical
Thinking,
Problem
Solving, &
Performance
Skills
(as outlined
within NGSS)

Points:
_____

The unit demonstrates that
candidates understand how
elementary students differ in
their development and
approaches to STEM
learning, and create
instructional opportunities
that are adapted to diverse
students. The unit
consistently provides
appropriate accommodations
for diverse students in precise
and highly insightful ways.

The unit demonstrates that
candidates understand how
elementary students differ in
their development and
approaches to STEM
learning, and create
instructional opportunities
that are adapted to diverse
students. The unit provides
appropriate accommodations
for diverse students.

The unit does not
demonstrate that candidates
understand how elementary
students differ in their
development and approaches
to STEM learning, and create
instructional opportunities
that are adapted to diverse
students. The unit does not
provide appropriate
accommodations for diverse
students. Significant
misconceptions, errors, or
omissions are present.

The unit demonstrates that
candidates understand and
use a variety of teaching
strategies that encourage
elementary students’
development of STEM-based
skills, including critical
thinking, problem solving,
and performance skills. The
unit consistently integrates
higher-order thinking skills
into lessons and uses a rich
variety of strategies to
achieve different instructional
objectives and meet student
needs.

The unit demonstrates that
candidates understand and
use a variety of teaching
strategies that encourage
elementary students’
development of STEM-based
skills, including critical
thinking, problem solving,
and performance skills. The
unit integrates higher-order
thinking skills into lessons
and uses several strategies to
achieve different instructional
objectives and meet student
needs.

The unit does not
demonstrate that candidates
understand and use a variety
of teaching strategies that
encourage elementary
students’ development of
STEM-based skills, including
critical thinking, problem
solving, and performance
skills. The unit integrates
few higher-order thinking
skills into lessons and/or uses
few strategies to achieve
different instructional
objectives and meet student
needs.
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Active
Engagement
in STEM
Learning

Points:
_____

Assessment

Points:
_____

The week-long unit demonstrates
that candidates use their STEMbased pedagogical knowledge and
understanding of individual and
group motivation and behavior
among students at the K-6 level to
foster active engagement in
learning, self motivation, and
positive social interaction and to
create supportive learning
environments. The unit
consistently and authentically
integrates a variety of process
skills, multiple intelligences,
modalities, and learning
experiences that are conducive to
engaged learning. ALL Lessons are
hands-on and inquiry-based by
design.

The unit demonstrates that
candidates use their
STEM-based pedagogical
knowledge and
understanding of individual
and group motivation and
behavior among students at
the K-6 level to foster
active engagement in
learning, self motivation,
and positive social
interaction and to create
supportive learning
environments. The unit
integrates a variety of
process skills, multiple
intelligences, modalities,
and learning experiences
that are conducive to
engaged learning. MOST
lessons are hands-on an
inquiry-based by nature.

The unit does not
demonstrate that
candidates use their
STEM-based
pedagogical knowledge
and understanding of
individual and group
motivation and behavior
among students at the K6 level to foster active
engagement in learning,
self motivation, and
positive social
interaction and to create
supportive learning
environments. The unit
does not integrate a
variety of process skills,
multiple intelligences,
modalities, and learning
experiences in an
authentic meaningful
manner. Lessons lack
hands-on learning and/or
inquiry.

Candidates demonstrate thorough
understanding of the characteristics,
uses, advantages, and limitations of
different types of STEM-based
assessment. The unit cohesively
uses formative and summative
assessments to determine student
understanding of each subject area
and align assessments with
instructional practice. The unit
appropriately uses a variety of
formal and informal assessment
techniques in insightful ways that
will likely enhance their knowledge
of individual students, evaluate
students’ progress and
performances, and modify teaching
strategies.

Candidates demonstrate
understanding of the
characteristics, uses and
advantages, and limitations
of different types of
STEM-based assessments.
The unit uses formative
and summative
assessments to determine
student understanding of
each subject area and align
assessments with
instructional practice. The
unit appropriately uses a
variety of formal and
informal techniques that
will likely enhance their
knowledge of individual
students, evaluate students’
progress and performances,

Candidates to not
demonstrate
understanding the
characteristics, uses,
advantages, and
limitations of different
types of STEM-based
assessments. The unit
does not use formative
and summative
assessments to determine
students’ understanding
of each subject area and
align assessments with
instructional practice.
The unit does not use a
variety of formal and
informal assessment
techniques that will
likely enhance their
knowledge of individual
students, evaluate
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and modify teaching
strategies.

Content
Area
Lesson
Plans
(S,T,E,M)
Points:
_____

Lesson plans demonstrate
appropriate STEM content
knowledge including the central
concepts, methods of inquiry, and
structures of the disciplines.
Learning experiences make the
content meaningful to all students
by including a rich variety of
diverse materials and experiences
uniquely suited and adapted to
instructional purposes.

Lesson plans demonstrate
appropriate STEM content
knowledge including the
central concepts, methods
of inquiry, and structures
of the disciplines.
Learning experiences make
the content meaningful to
all students.

students’ progress and
performances, and
modify teaching
strategies.
Lesson plans do not
demonstrate appropriate
STEM content knowledge
including the central
concepts, methods of
inquiry, and structures of
the discipline. Learning
experiences do not make
the content meaningful to
all students.

Rubric script:
The Integrated STEM Unit is a required component for all students completing EDUC 385,
Elementary Methods of Science and Social Studies. All students will be assessed according to
the criteria within. If you have chosen to participate in my dissertation study, titled, “Preparing
Elementary Pre-Service Teachers to Integrate STEM: A Mixed-Methods Study,” your data from
this assessment rubric will be used within analysis for my study; however, no identifying
information will be available in publication. Please know that you may opt out of the study at
any time without penalty or prejudice.
If you have chosen not to participate in the study or if you opt out of the study after it begins, you
will still be required to complete this project and be assessed using this rubric as a requirement of
this course; however, your data will be excluded from analysis and publication altogether.

APPENDIX L
SYLLABUS FOR THE SCIENCE AND SOCIAL STUDIES METHODS COURSE
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UNIVERSITY OF ST. FRANCIS
COLLEGE OF EDUCATION
Joliet, Illinois
The mission of the college of Education at the University of St. Francis is to prepare competent and caring
educators who understand students, serve the community and develop professionally to become ethical
decision-makers and leaders.

Course:
Course/Section Number:
Credit Hours:
Semester/Year:
Days/Dates/Times:
Location/Site:
Prerequisite for Course:
Required Books/Materials:

Methods of Teaching Elementary School Science & Social Studies
EDUC 385
3
Fall 2014
Tues, 1:00-3:40pm (until 10/7); 8:30-11:10am (10/14 & thereafter)
LG-1
EDUC 210, EDUC 220, Admission to Professional Semester 1
Achieve, Inc. (2013). Next generation science standards. Washington,
D.C.: Achieve, Inc. on behalf of the twenty-six states and partners that
collaborated on the NGSS. (or access online)
DeRosa, D. & Abruscato, J. (2015). Teaching children science: A
discovery approach (8th ed.). Boston, MA: Pearson.
Obenchain, K. M., & Morris, R. V. (2014). 50 social studies strategies
for K-8 classrooms (4th ed.). Boston, MA: Pearson Education, Inc.

Instructor Information
Name: Erin Evans, M.S.Ed.
Office: Tower Hall, S313
Office Hours: Tues, 10:00am-12:30pm (until 10/9) | 11:30am-2:00pm (from 10/14 on)
Thurs, 10:00am-12:30pm (until 10/9) | 11:30am-2:00pm (from 10/14 on)
*Additional times available by appointment
Contact Information: Telephone Number: (815) 740-3382

Course Description
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This course provides an overview of materials, content, and methodologies utilized by educators in the
elementary science and social studies curriculum (National Council for the Social Studies, 1994; National
Research Council, 1996). Candidates will explore methodological principles and apply them by developing
lesson plans, activities, and using technology. Teaching, observation and participation in a field experience
are included in the course.
Course Goals
Understanding Our Candidates:
 Candidates will explore various areas of learning, development, and motivation. Candidates will
examine general tendencies as well as individual differences. Learning and assessment
approaches will be discussed in terms of identifying multiple and diverse means of understanding
candidates’ learning and development.
Serving the Community
 In this course candidates will discuss desirable characteristics of citizenry in a democracy.
Candidates will examine the role of science and social studies education related to citizenship and
the common good.
Finding Our Professional Selves:
 Candidates will begin to define personal theories of professionalism by balancing classroom and
field experience demands. Candidates will demonstrate the ability to interact with colleagues in a
professional manner through exchanging (both listening and sharing) ideas, thoughts, experiences,
and opinions.
Candidate Outcomes
Candidates will:












analyze the structure and function of science and social studies education within a
Science/Technology/Society (STS) framework (IPTS: I - 2F; IPTS: D - 4B, 3K, 9G; ITPS: P - 2L)
examine learning theories and apply them in to improve social studies and science instruction (IPTS:
I – 2J; IPTS: D - 1A, 1B, 1G, 2A, 2G, 5A)
demonstrate an understanding of when and how to use various methods, including guided discovery,
in lesson design (IPTS: I – 2I, 2K; IPTS: D - 2B, 2C, 2M, 2Q, 3E, 3N, 5B, 5I, 5L, 6A, 6D, 6I; ITPS:
P – 5S)
demonstrate the ability to use process, questioning, and listening skills to improve children's thinking
in science (IPTS: D - 5K, 5M, 6N, 6R)
demonstrate the ability to plan and evaluate lessons and units in science and social studies (IPTS: I –
8G; IPTS: D - 3D, 3F, 8K, 8N; IPTS: P – 3Q, 5Q)
differentiate lessons and units for diverse learners (IPTS: D - 1G, 3C, 3J, 3M, 3O, 5N, 8S; IPTS: P –
1H, 1J, 1L, 2P, 3J, 3P, 5C, 5E, 6Q)
examine the curriculum, scope and sequence, and standards related to different goals of science and
social studies education (IPTS: D - 1I, 3A, 9A)
understand the role of value, moral, and character education in the social studies curriculum (IPTS: D
- 1E; IPTS: P - 9I)
demonstrate the ability to assess students in multiple and diverse ways (IPTS: D - 5G, 5H, 5J, 6J, 7F,
7L, 7M; IPTS: P – 3G, 5P, 7D, 7E, 7G, 7I, 7K, 7Q)
demonstrate the ability to blend science and social studies topics and skills into an integrative unit
(IPTS: P – 2D, 2N, 3L, 5D, 6F, 6P)
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begin to cultivate an attitude of professionalism by exhibiting the following behaviors: preparedness,
neatness, organizational skills, poise, leadership, self-motivation, responsibility, promptness,
professional curiosity, and proper oral and written communication skills (IPTS: D - 1K, 9K; IPTS:
P - 1F, 6E, 9I, 9U)
IPTS 2010 STANDARDS ADDRESSED:
Introduced
2F, 2I, 2J, 2K, 8G,
Developing
1A, 1B, 1E, 1G, 1I, 1K, 2A, 2B, 2C, 2G, 2M, 2Q, 3A, 3C, 3E, 3K,
3N, 3O, 4B, 5A, 5B, 5G, 5H, 5I, 5J, 5K, 5L, 5M, 5N, 6A, 6D, 6I,
6J, 6N,6R, 7F, 7L, 7M, 8K, 8N, 8S, 9A, 9G, 9K
Proficient
1F, 1H, 1J, 1L, 2D, 2L, 2N, 2P, 3D, 3F, 3G, 3J, 3L, 3M, 3P, 3Q,
5C, 5D, 5E, 5P, 5Q, 5S, 6E, 6F, 6P, 6Q, 7D, 7E, 7G, 7I, 7K, 7Q,
9I, 9U

Method of Instruction
The College of Education courses reflect the college’s conceptual framework by modeling learnercentered instructional practices, a service orientated approach to education, and professional dispositions.
The courses are predicated on active learning. Emphasis is placed on critical thinking and problem
solving as candidates develop and refine the thinking and decision making skills required of educators.
Courses will model diverse teaching strategies (e.g. interactive discussion, cooperative learning,
multimedia presentations, small and large group interactive discussions, etc.), incorporate appropriate
performance assessments, address issues of diversity and integrate technology. Candidates are
encouraged to reflect on, not only the content of the course, but also the methods used and how they
might be applied in other educational contexts.
The class participation component of the courses is based upon two principles. First, individuals learn
best through active participation with other individuals and learning materials. Second, quality verbal
skills are essential for educators. Both of these principals suggest that in order to maximize a candidate’s
educational experience, a high level of class participation is required. Consequently, all candidates are
required to be prepared for and participate in class discussions and activities.
Expectations of Candidates
Professionalism is an important element of the classroom environment for teachers and for learners.
Candidates are expected to conduct themselves in a manner consistent with the College of Education
Code of Professional conduct and the Franciscan values of Respect, Integrity, Compassion, and Service.
Candidates are expected to:









Come prepared and arrive promptly to each and every class session,
Contribute to the fostering of a collegial atmosphere that encourages learning,
Actively participate in discussions and activities,
Thoughtfully and respectfully consider the diverse perspectives and contributions of colleagues,
Act, write, speak, and listen with integrity,
Enthusiastically contribute to group activities and assignments,
Ask for help, and/or offer help, when it is needed, and
Submit assignments of the highest quality.
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Academic Honesty and Integrity Statement
Students have an obligation to exhibit honesty in carrying out their academic assignments. Students may
be found to have violated this obligation if they plagiarize or cheat. Plagiarism is presenting the work of
others as one’s own; cheating is taking or accepting any illicit advantage for any course inside or outside
of the classroom. See the USF Catalog for further information was well as the procedures for grieving
grades.
Academic Support Services
Various types of academic services offered by the Academic Resource Center (ARC) located in Room
214 in the Library (815-740-5060). Online and distance learning students can contact ARC for
appropriate resources. Library services include a number of online services and full text databases.
Contact the Library at (815-740-5041 or 800-726-6500) for additional information.
Services for Students with Special Needs (ADA)
If you have a disability and need academic accommodations, please inform the instructor and the
Disability Coordinator (Sarah Alag, 815-740-3204 or s) to discuss possible accommodations.
Attendance
Attendance is expected. Class discussions, quizzes and assignments will include content that is not
covered in the text(s). Each individual candidate is responsible for obtaining materials and information
that was missed due to absence. A maximum of one absence will be permitted before the candidate’s
grade will be affected. Each absence beyond one will result in a reduction of a minimum of twopercentage points from the final grade. Three tardies will equal an absence. Please be courteous and
notify me of an absence prior to class so I know that you will not be here. A candidate may make up an
assignment only if the instructor is advised of the absence before the scheduled time. Field trips, teaching
experiences, and presentation dates may not be able to be made up. One point will be deducted from an
assignment for every day it is late.
Electronic Communications
As a courtesy to other candidates and to your instructor, please refrain from text messaging, checking
email, or answering your cell phone during class. Depending on the length of the class, breaks are
provided throughout the course so you can attend to personal matters. Using your personal electronic
devices during class time distracts and detracts from communication and collaboration among participants
as well as the instructor. If you have an emergency or justifiable reason to leave your cell phone turned on
during class time, please make arrangements with the instructor prior to class commencing.
Minimum Standards for Writing Style
Unless expressly indicated by the instructor, all written assignments must (per APA, 6th ed.)
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1. Conform to Standard English conventions for spelling, punctuation, capitalization, and sentence
and paragraph construction; writing must be free of spelling, grammatical and typographical
errors.
2. Include a title page (title of paper, candidate name, University of St. Francis, course name and
date).
3. Use standard margins (minimum 1 inch), line spacing (double, exceptions noted ), and font type
and size (Times Roman or Courier, 12 point).
4. Include a page header (abbreviated title) and page number in lower right corner.
5. Include an introduction, section headings, and a conclusion section when appropriate.
6. Include in-text citations and a corresponding reference list for all ideas/facts that are not the
writer’s.

Course Requirements (discussed on the next page) will be weighted as Follows:
Class Participation and Attendance

10%

Grant Project

20%

Integrated STEM Unit – Phase I: edTPA

15%

Embedded edTPA Rubrics for Sci/SS

20%

Integrated STEM Unit – Phase II: differentiation

20%

Final Poster Session for Thematic Unit

15%

Grading Scale
Undergraduate Level
A = 100-93%

B = 92-85%

C = 84-77%

D = 76-70%

F = below 70%

Course Requirements
1. Class Attendance and Participation (10%)
Class attendance is required. The majority of class sessions involve class interaction and candidate
presence if course objectives are to be achieved. Candidates are required to read all assigned readings to
successfully participate in class interactions. Candidates MUST participate in class discussions about
methodology issues that surface in their IFE experience. This is a place to share. The instructor will
deduct points from the final grade for lack of participation, attendance, and/or punctuality.
2. Grant Project (20%)
Candidates will research, write, and potentially apply for a classroom grant, either for their own
classrooms as first-year teachers or for the classroom of their cooperating teacher for IFE. The grant
request should be used to fund sustainable classroom items such as books, materials for an
interdisciplinary unit, hands-on activities, literature ideas, etc. Grant applications should include a
breakdown of teacher’s name and basic information (grade level, school information, etc.) as well as a
project title, learning standards addressed, number of students involved per school year, learning
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objectives, materials needed, overview of activity and project timeline, method of project
evaluation/assessment, and itemized project budget. More information can be found on Canvas.
3. Integrated STEM Unit, Phase I: edTPA & Teaching Experience – at Sn with K-5 students (15%)
Candidates will work in teams to create a week-long, science-based, thematic unit to be implemented with
elementary students. Teams will be able to choose the grade level and topic based on information
acquired from Singleton. The unit should be integrative in nature to show teaching across the curricula,
incorporating research-based best practices and technology where appropriate. A description of the
components of the edTPA can be found on Canvas. Additionally, candidates will participate in an
“edTPA Boot Camp,” co-taught by methods instructors to prepare candidates for the edTPA portions of
the project. The rubrics for the edTPA correlate with all content areas, thus this project is an embedded
assessment divided among all courses within the IFE block. These rubrics and all other information for
this project can be found on Canvas.
4. Sci/SS Rubrics for the Embedded edTPA (20%)
Using the unit that was created for the embedded edTPA, candidates will continue working with their
teams to plan for the ‘next steps’ of their thematic units as well as to make data-driven decisions
pertaining to plans for differentiation in subsequent lessons. The final project will be shared with
classmates and members of the COE during poster sessions at our last IFE meeting. A rubric will be used
to assess the final project. More information on the components of the Integrated STEM Unit can be
found on Canvas.
5. Integrated STEM Unit, Phase II: Differentiation – extending beyond the edTPA (20%)
Using the unit that was created for the embedded edTPA, candidates will continue working with their
teams and individually to plan for the ‘next steps’ of their STEM units as well as to make data-driven
decisions pertaining to plans for differentiation in subsequent lessons. The final product will be shared
with classmates and members of the COE during poster sessions at our last IFE meeting. A rubric will be
used to assess the individual contributions to the final project. More information on the components of
the Integrated STEM Unit can be found on Canvas.
6. Poster Sessions for the Embedded IFE edTPA & Integrated STEM Unit (15%)
During the final block meeting (date/time TBD—during finals week), candidates will create a display
board to showcase their work and findings for the edTPA & Integrated STEM Unit. The poster sessions
will be open to members of the USF and COE communities and will last for approximately one hour.
Candidates will be assessed based on individual board contributions and interactive presence at the poster
sessions. More information is available on Canvas.
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Course Calendar (subject to changes):
Date

Content, Topics, & Events

Assignments/Readings Due

8/19 (Tues)
12-2:40pm

Syllabus, Canvas, & Assignments
Learning theories

8/21
(Thurs)
12pm2:40pm
8/26 (Tues)
12-3:40pm
8/29 (Fri)
1-3:40pm
9/2 (Tues)
1-3:40pm

STEM
Next Generation Science Standards
Determine groups for Integrated STEM Unit

Read Science book, CH 2
Read SS book p. 1-18
Read Science book, CH 7 & 8

9/3 (Wed)
1-3:40pm

Ag in the Classroom Presentation
Review Grant Project Requirements
Curriculum Integration & Unit Planning
Work with ISU group: proposals
Inquiry-based Learning
5E Model
ISU group collaboration: proposals
edTPA Boot Camp #1: Context & Pre-assessments

Assessment & Feedback
Work with ISU group

9/16 (Tues)
1-3:40pm

Isle a la Cache Museum, Romeoville
*Map and directions available on Canvas

9/18
(Thurs)
1-2pm
9/19 (Fri)
1-3:40pm

Visit Singleton to conduct pre-assessments and
obtain context information

9/23 (Tues)
1:003:40pm

Social Studies & STEM Innovation
Research-based best practices brainstorming
Bring methods textbooks and other resources to
class today
edTPA Boot Camp #3: Task 2, Instruction

10/14(Tues)
8:3011:10am

Read Science book, CH 1 & 3
Read SS book, p. 2-11
ISU Proposals due! (via hard
copy)

9/9 (Tues)
1-3:40pm

9/29 (Mon)
1:003:40pm
9/30 (Tues)
1-3:40pm
10/6-10/10
(Mon-Fri)
1-3:40pm

Read Science book, CH 4 & 5

edTPA Boot Camp #2: Task 1, Planning

No Sci/SS today—Classroom Mgmt instead (see
syllabus for EDUC 392)
INTEGRATED STEM UNIT TEACHING WEEK
@ SINGLETON (see IFE Calendar)
Fri, 10/10: edTPA Boot Camp #4: Task 3,
Assessment
No formal class meeting—edTPA work time

Bring ISU handbook for all boot
camp meetings
Pre-assessments due Fri, 9/12
by 1pm!
Grant Projects due today!
Read Science book, CH 6
*Revise returned preassessments as needed for
Thursday, 9/18

Bring pre-assessment data &
context info
Read SS book p. 117-120

Bring draft of Task 1

Arrive on time each day with
all materials & ready to teach!
You may submit drafts of Tasks 2 & 3
to methods instructors with specific
questions for feedback at any time.
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10/21(Tues)
8:3011:10am
10/28(Tues)
9:0011:00am
11/4 (Tues)
8:3011:10am

No Sci/SS today—Classroom Management instead
(see syllabus for EDUC 392)

11/11(Tues)
8:3011:10am
11/18(Tues)
8:3011:10am
11/25(Tues)
8:3011:10am

Social studies: geography, maps, graphs, & charts
Current Events & Public Issues

Read SS book p. 1-18

Concept Formation & Critical Thinking

Read Science book, CH 5

ISU Phase II & Poster Board Work Time!

12/2(Tues)
11am-1pm
12/9

Integrated STEM Unit, Phase II
due!
Group & Self Reflections due!
Poster Boards due!

ISU Poster Sessions (11am-12pm)
Classroom Assessment Mentor Visit (12:30-1:00)
FINALS WEEK: Combined IFE final meeting this week (date and time TBD)

Discuss Integrated STEM Unit, Phase II:
differentiation

Integrated STEM Unit, Phase I
(edTPA) due!

Teaching Sci/SS through the lens of children’s
literature

Phase II Proposals due Thurs,
11/6 by 1pm.
(will be reviewed and returned by
11/13 group time)

APPENDIX M
MASTER LIST OF OPEN AND AXIAL INTERVIEW ANALYSIS CODES
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Research
Question
Perceptio
ns
Research
Question
s 1-2

Axial Codes

Open Codes

Description

STEM
Preparation

Experiences in K-12

Comments about experiences as
a student in K-12 setting; in
school, after school, early career
goals
Comments about experiences as
a student beyond high school;
required course work, elective
coursework, education courses
Comments about which
experiences in K-12 and college
have been most influential in
becoming a teacher; which
experiences have helped them to
be able to understand and
implement the various
components of STEM as a
teacher
Explanations about the existence
of STEM in the field and how,
when, and to what extent it is
taught
Explanations about the existence
of STEM in the field and how,
when, and to what extent is
should be taught
Statements about student
connections to STEM, how
students apply STEM to their
own lives/learning, real world
connectivity
Statements about NGSS,
Common Core, curriculum
guides, pacing guide,
cooperating
teacher/school/admin
requirements, frequency of
STEM areas in the class
schedule
Comments about CT knowledge
of STEM, CT planning for
instruction
Explanations associated with
what currently exists in the field

Experiences in college

Most meaningful
preparation experiences

STEM
Implementation

What does it look like in
the field?

What should it look like
in the field?

Meaningful connectivity

Curriculum

Cooperating Teacher
(CT) perceptions
STEM
Resources

Resources: HAVE
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Resources: NEED

Abilities
Research
Question
1

Definitions

Definition of STEM
Definition of Integration

Application

STEM Unit (IFE)

STEM Lessons in IFE

STEM Lessons in AFE

Attitudes
Research
Question
3

Discourse

Best Practices

Preparation for
STEM content

STEM Preparation

Application

Current Application of
STEM

Future Application of
STEM

that the participant has known
access to related to teaching in
the areas of STEM; explanations
associated with the quality of
existing materials and how they
are obtained/shared among
teachers within the school setting
Explanations associated with
what a teacher needs in order to
integrate STEM effectively;
explanations of what is needed
beyond what the school already
has available related to their
experience
Statements defining STEM
(what it is, why it is used)
Statements defining curriculum
integration (what it is, why it is
used)
Descriptions of the STEM Unit
put into practice, “learning by
doing”
Descriptions of any lessons
taught in the STEM disciplines
within the IFE experience
Descriptions of any lessons
taught in the STEM disciplines
within the AFE experience
Statements describing more
detailed, complex components of
STEM (how it is used, how it
could be differentiated)
Statements about course work,
methods experiences, and field
experiences as preparation for
STEM integration
Comments about how well
STEM is being utilized and
carried out in the elementary
setting
Comments about keeping it
meaningful, STEM related to
other content areas (ELA, SS),
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Feelings/Beliefs

Value/Importance of
STEM

Concerns

Attitudinal
Misconceptions

Assertions about Self

Stakeholders

Cooperating Teacher
(CT) attitudes

Elementary student
attitudes

Road blocks
that could make
STEM
integration
difficulties

Collaboration

Common Core

PARCC

Supports

and participant plans for the
future
Statements that describe
personal beliefs regarding the
value and importance of STEM
in the elementary curriculum
Statements that express
emotional fears of conformity,
desire for an easy experience, or
struggles pertaining to STEM in
practice
Statements that express biased or
misguided opinions about
teaching in public vs. private
schools, teaching in elementary
vs. middle school experiences,
teaching in low-income vs. highincome schools
Statements used to describe past
and present self that reflect
present and potentially future
self
Comments that describe how
cooperating teachers feel about
STEM and its implementation in
the elementary curricula (i.e.
trepidation, overwhelmed, etc.).
Comments that describe how
students feel about STEM and its
implementation in the
elementary curricula (i.e.
excitement)
Expressions about feelings
toward collaboration and its
impact on STEM
implementation
Expressions about feelings
toward Common Core and its
impact on STEM
implementation
Expressions about feelings
toward PARCC and its impact
on STEM implementation
Expressions about feelings
toward existing/needed supports
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Buy-in/Value

Time

Resources

Meaningful integration

Confiden
ce
Research
Question
4

Overall STEM
Confidence (+)

STEM Area Rankings

Confidence from
preparation
Confidence in Own
Ability
Experiences/Resources

Overall STEM
Confidence (-)

Lingering Questions
Present/Future Concerns

and their impact on STEM
implementation
Expressions about feelings of
overall in-service teacher buy-in
and their value of STEM
Expressions about feelings
toward the need for time and its
impact on STEM
implementation
Expressions about feelings
toward the value and impact of
current resources that exist for
STEM implementation
Expressions about feelings
toward integration and the value
of creating meaningful
connections within the curricula
Descriptions about which areas
of STEM they find easier or
more difficult to teach
Statements about experiences in
methods and field pertaining to
building confidence
Statements about overall growth
and their ability to implement
effective STEM instruction
Comments about specific
experiences and resources that
were catalysts for selfactualization or improved
confidence
Comments about remaining
uncertainties or self-doubt.
Statements about their current
methodology, confidence in
ability, or future application
which express concern based on
the attitudinal road blocks
discussed.

APPENDIX N
TABLE OF INDIVIDUAL QUANTITATIVE RESULTS
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Overview of Individual Quantitative Results

Participant
Chad
Dawn
Jennifer
Karina
Sarah
A2257
B1911
C1870
J2530
K0990
M3179
R1774
TOTAL

Ability
Project
Score
20
21
19
18
17
19
17
15
19
16
21
19

Phase
I
3.40
3.50
2.80
3.80
3.00
3.50
2.90
3.40
3.00
3.30
3.90
3.70
3.35

Attitude
Phase Phase
II
III
4.30
3.70
3.80
4.10
3.00
3.30
3.30
3.50
3.40
3.80
3.20
3.20
3.30
3.70
3.00
3.20
3.40
3.60
3.70
3.70
3.90
3.80
3.70
3.70
3.50
3.61

Phase
I
3.38
2.92
3.54
4.31
3.62
2.92
2.77
2.85
3.00
3.62
3.69
2.92
3.29

Confidence
Phase Phase
II
III
4.15
3.92
5.00
4.85
4.00
3.85
4.77
4.69
4.38
4.31
4.15
4.15
4.38
4.46
4.00
4.15
4.62
4.69
3.54
3.85
4.31
4.08
3.85
3.69
4.26
4.22

Phase
I
4.72
5.68
5.44
4.28
5.20
3.80
4.44
4.80
4.96
4.52
5.56
4.20
4.80

Perceptions
Phase Phase
II
III
4.88
5.24
6.88
7.00
5.60
6.24
5.88
5.76
4.52
5.80
5.12
5.56
4.16
4.68
5.72
5.88
5.88
6.24
5.52
6.32
6.08
6.36
4.36
4.92
5.38
5.83

